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TRACE METAL POLLUTION OF THE LOWER 
NORTH CANADIAN RIVER BASIN
CHAPTER I 
INTRODUCTION
Water i s  a n a tu r a l  resource  fo r  which man has prayed, danced, 
fought and d ied ,  dug, seeded, d iv e r te d ,  t ra n s p o r te d ,  impounded, then used, 
p o l lu te d  and damned. Assessment o f  the w ater  resou rces  on P la n e t  Earth  
has revea led  a t o t a l  o f  1 ,360,000,000 cubic k i lo m ete rs  o f  w a te r ,  over 97 
pe rc e n t  of which i s  conta ined  in  the  w o r ld 's  oceans (1 ).  The remaining 
3 pe rcen t  i s  lo c a te d  in  and on the land  a reas  and t o t a l s  37,000,000 cubic  
k i lo m e te rs ,  75 p e rcen t  o f  which i s  conta ined  in  ic e  caps and g l a c i e r s .
Thus only 0.7 p e rcen t  of the  t o t a l  g lobal w ater  remains as a u sab le  
f re s h  water a s s e t  a v a i l a b le  to man (1 ) .
The p o r t io n  of the  world w ater  supply a l lo c a te d  to the United 
S ta te s  by t o t a l  annual p r e c i p i t a t i o n  i s  about 30 in ch es ,  which amounts to 
about 4,300 b i l l i o n  g a llo n s  per  day, o f  which 3,000 b i l l i o n  g a l lo n s  p e r  
day i s  l o s t  due to evapo ra tion  and t r a n s p i r a t i o n  (2 ) .  Of the rem ainder, 
about h a l f  i s  l o s t  as f lood w aters  which run ra p id ly  in to  the se a ,  thus 
lea v in g  a dependable minimum amount in  our l a k e s ,  r iv e r s  and man-made 
impoundments o f  600 b i l l i o n  ga llons  pe r  day (2).  Assuming th a t  h a l f  o f  
t h i s  i s  requ ired  fo r  n a v ig a t io n ,  f i s h  and w i l d l i f e ,  our developed supply
2in  t h i s  country i s  j u s t  over 300 b i l l i o n  g a llo n s  per  day.
Water use and p opu la t ion  s tu d ie s  p ro je c te d  to the year  2000 r e ­
v e a l  a f r ig h te n in g  s i t u a t i o n  when viewed in  the l i g h t  o f  our water r e ­
sources (1 ) .  The p re d ic te d  1980 popu la t ion  o f  232 to 274 m i l l io n  Ameri­
cans w i l l  r e q u i r e ,  fo r  m un ic ipa l ,  i n d u s t r i a l  and a g r i c u l t u r a l  u ses ,  an 
e s t im a ted  598 b i l l i o n  ga llons  pe r  day, an amount t h a t  very c lo s e ly  approx i­
mates the  t o t a l  p o t e n t i a l  f re s h  water resources  of the  n a t io n  (2 ) .  Pro­
j e c t io n s  f o r  the year 2000 inc lude  a p red ic ted  popu la t ion  o f  295 to 420 
m i l l io n  people and an es tim a ted  water requirement o f  888 b i l l i o n  ga llons  
p e r  day, an amount which su rpasses  the c u r re n t  p o t e n t i a l l y  a v a i la b le  
supply by almost 50 p e rc e n t .
Obviously, a c t io n  i s  n ecessa ry .  Concepts o f  conserva tion  cu r­
r e n t ly  reserved  fo r  m in e ra ls ,  s o i l s ,  w i l d l i f e ,  and fo re s t -  nust be expanded 
and app lied  to  our water r e so u rc es .  The management o f  the a n t i ty  and 
q u a l i ty  o f  w ater must be a c c e le ra te d  i f  the growth and pros, r i t y  o f  th is  
or any n a t io n  i s  to be m aintained (3 ) .
To be e f f e c t iv e  such management programs must be comprehensive 
no t only w ith  r e sp e c t  to the  l e v e l s  of government involved and with r e ­
sp ec t  to the consuming popu la t ions  involved ( i . e .  m u n ic ip a l i t i e s ,  indus­
t r y ,  a g r i c u l t u r e ,  r e c r e a t io n ,  e t c . ) ,  but a lso  with re sp e c t  to the manage­
ment team which must re p re se n t  s k i l l s  varying from systems a n a ly s ts  to 
g e o lo g i s t s .
H i s to r i c a l l y ,  the p rog ress  o f  n a tio n s  can be r e l a te d  to the 
a v a i l a b i l i t y  and management of t h e i r  water re so u rc es ;  t h i s  dependence w i l l  
become more c r i t i c a l  in  the fu tu r e .  I f  the po p u la t io n  exp losion  and the 
marked trend  toward u rb an iz a t io n  con tinues ,  as has been p re d ic te d  fo r
3t h i s ,  as w ell  as o th e r  c o u n tr ie s ,  i t  i s  fo re se ea b le  t h a t  our popu la t ion  
c e n te rs  w i l l  develop ad jacen t  to a v a i la b le  water re sou rces  r a t h e r  than 
m ineral resources  or t r a n s p o r ta t io n  f a c i l i t i e s  as they have i n  the p a s t .
Water use means water p o l lu t i o n ,  a "people problem" which, l i k e  
water i t s e l f ,  i s  not a re sp e c to r  of n a t io n a l ,  s t a t e  o r  p o l i t i c a l  bound­
a r i e s .  The r e a l i z a t i o n  th a t  water i s  a g lobal problem i s  r e f l e c t e d  by 
the programs of Water fo r  Peace and the I n te r n a t io n a l  Hydrologica l Decade 
which a re  a ttem pts  by more than 100 n a tio n s  to work coo p e ra t iv e ly  toward 
a b e t t e r  understanding and u t i l i z a t i o n  of the l im ite d  w ater  resources  of 
the world (1 ) .  At the n a t io n a l  l e v e l ,  s e v e ra l  s t a t e s  in  the p a s t  have 
en te red  i n t e r s t a t e  agreements concerning a mutual r i v e r  b a s in  and fo r  
many y ears  the  fe d e ra l  government has provided enormous sums o f  tax  
monies to a s s i s t  s t a t e ,  municipal and r u ra l  a reas  in  the  development of 
adequate w ater  and waste water p la n t  c o n s tru c t io n .  However, the inade­
quacies and sh o r ts ig h te d n e ss  o f  these  approaches was soon recognized; but 
i t  was not u n t i l  the advent of the Water Q uality  Act o f  1965 and the 
Clean Water R e s to ra t ion  Act of 1966 th a t  a u th o r i ty  capable o f  overcoming 
lo c a l  i n t e r e s t  was e s ta b l ish e d  (3, 4, 5 ) .  The Water Resources Planning 
Act enabled the Department of the I n t e r io r  to e s t a b l i s h  River Basin Com­
m issions and an o v e ra l l  Water Resources Council to e s t a b l i s h  p o l icy  r e ­
l a t i v e  to  w ater  resources  and r i v e r  b a s in  development on a reg io n a l  o r  
i n te r b a s in  b a s is  (5, 6 ). Approximately 22 o f  these b as in  commissions 
are  expected to be formed by 1970. The model or p i l o t  program i s  the 
Delaware River Basin Commission which has e x is te d  s ince  1961 with  members 
in c lu d in g  the s t a t e s  of Delaware, New J e rs e y ,  New York, Pennsylvania 
and the U. S. Federal Government, and i s  one of seven River Basin
4Commissions c u r r e n t ly  in  op e ra t io n .
Industry  which in  the  p a s t  h as ,  j u s t l y  o r  u n ju s t ly ,  borne the 
major r e s p o n s i b i l i t y  fo r  water p o l lu t io n ,  i s  c u r r e n t ly  shedding i t s  
" l a s s a i z  f a i r e "  r o le  and assuming a major r o le  in  p o l lu t io n  c o n tro l .
This i s  exem plified  by the N ational Technical Task Committee on I n d u s t r i a l  
Wastes and N ationa l A ssoc ia t ion  of M anufacturers in  which in d u s t r i e s  work 
toge the r  and with the fe d e ra l  government on s p e c i f i c  problems o f  waste 
t rea tm ent (5).
Along w ith  an in c re as in g  demand and a s t a t i c  supply has come 
w ater r e -u s e ,  no t only the " u n in te n t io n a l"  re -u se  commonly observab le  
where numerous c i t i e s  and in d u s t r ie s  lo c a te d  along a w ater course use the 
stream as both a source of water and as a channel fo r  conveying w as tes ,  
but a lso  the planned d e l ib e ra te  re -u se  exem plified  a t  Santee, C a l i f o r n ia  
(7),  L ancas te r ,  C a l i fo rn ia  (8 ),  Lubbock, Texas (9) and Grand Canyon, 
Arizona (10). The re -u se  o f  w ater i n t e n s i f i e s  the concern over w ater  
q u a l i ty  p a r t i c u l a r l y  with r e s p e c t  to r e s id u a l  p o l lu t a n t s  which a re  m ater­
i a l s  such as p e s t ic id e s . ,  n i t r a t e s ,  phosphates and t ra c e  m eta ls  (2, 11). 
Some of these  p o l lu t a n t s  reach a water course v ia  su rface  d rainage  and 
consequently a re  not sub jec ted  to waste trea tm en t  o p e ra t io n s ;  o th e r s  a re  
generated  by the waste trea tm ent p rocesses  in  the normal course of oper­
a t io n ;  and o thers  r e s u l t  from common commercial and i n d u s t r i a l  o p e ra t io n s  
and can pass u n a l te re d  through conven tional waste t rea tm en t.  This l a t t e r  
c la s s  of p o l lu t a n t s  i s  only c u rr e n t ly  becoming recognized and i s  causing 
an increased  concern among a l l  c la s s e s  o f  water u se rs .
One a re a ,  which experiences  a l l  phases o f  the water problem 
from l im ite d  supply to re -u se  and r e s id u a l  p o l lu t io n ,  l i e s  in  the  a r id  to
5sem i-a r id  southw estern  United S ta te s .  This a re a ,  ty p i f ie d  by the North 
Canadian River Basin, encompasses no t only e x te n s iv e  a g r i c u l t u r a l  opera­
t i o n s ,  bu t a lso  la rg e  p o p u la t io n  cen te rs  and v a r ied  i n d u s t r i a l  p ro ce s se s .
The North Canadian River (NCR) heads in  the f o o t h i l l s  of the 
Rocky Mountains in  N or theas te rn  New Mexico, flows e a s t e r l y  through the 
h igh p la in s  o f  the  Oklahoma Panhandle, then swings southeastward in to  
C e n tra l  Oklahoma to a p o in t  near Oklahoma C ity .  There i t s  w a te rs ,  which 
a re  the p r in c ip a l  w ater  source in  the  b a s in ,  a re  impounded in  Lake 
O verholser and Lake Hefner, both of which a re  lo c a te d  se v e ra l  miles up­
s tream  from the m unicipal and i n d u s t r i a l  waste e f f l u e n t s  from C en tra l  
Oklahoma's l a r g e s t  m e tro p o li ta n  and a s so c ia te d  i n d u s t r i a l  complex. I t  
then continues on an eastward course to  i t s  terminus in  Lake Eufaula .
The importance of ch is  water source and the e x ten t  to which i t  
i s  used and re-used  i s  in d ic a te d  by the f a c t  th a t  the average d a i ly  vo l­
ume o f  water withdrawn f o r  m unicipal and i n d u s t r i a l  uses and the average 
d a i ly  volume o f  waste w ater  re tu rned  to  the  stream  exceeds the average 
d a i ly  flow of the s tream  by an es tim ated  f a c to r  o f  th re e .  In f a c t ,  the 
flow o f  the NCR a v a i l a b le  f o r  domestic , i n d u s t r i a l  and r e c r e a t io n a l  uses 
between Oklahoma City and Lake Eufaula , Oklahoma's l a r g e s t  r e s e r v o i r ,  i s  
f re q u e n tly  n ea rly  100 pe rc e n t  waste w a te rs ,  some adequately  t r e a te d ,  some 
inadequa te ly  t r e a te d  and some rec e iv in g  no trea tm en t.
Jud ic ious  development and p r o te c t io n  of t h i s  resource i s  v i t a l  
to  the  continued growth of the  b a s i n ' s  urban and i n d u s t r i a l  i n t e r e s t s ,  
to i t s  a g r i c u l t u r a l  and r e c r e a t io n a l  i n d u s t r i e s ,  as well as to the h e a l th  
and p ro sp e r i ty  of i t s  people .
P o l lu t io n  and i t s  e f f e c t s  on w ater q u a l i ty  in  t h i s  b a s in  a re  of
6utmost concern and foremost in  t h i s  concern i s  the deg rada tion  of t h i s  
l im i te d  resource with r e s id u a l  p o l lu t a n t s ,  p a r t i c u l a r l y  t ra c e  m eta ls ,  
some o f  which can be to x ic  to  man, an im als, v e g e ta t io n  and f i s h  l i f e ,  a t  
l e v e l s  as low as 0.01 mg/l. Some o f  the more to x ic  members of t h i s  group 
can, even a t  lower c o n c e n t ra t io n s ,  a f f e c t  the aq u a t ic  ecology and thus 
a l t e r  the u t i l i t y  o f  the water (2, 12). The r e l e a s e  of these  m a te r ia ls  
to the waters of the b a s in  i s  known to occur as i s  t h e i r  p e rs i s te n c e  in  
the  environment in  an a c t iv e  form. I t  i s  these  m a te r ia ls  which could 
markedly l im i t  the u t i l i t y  o f  t h i s  water resource  and i t  i s  these  m a te r ia ls  
which must be very thoroughly s tu d ied  i f  t h e i r  e f f e c t s  and subsequently  
t h e i r  co n tro l  a re  to be r e a l iz e d .
CHAPTER I I
LITERATURE REVIEW
A to x ic  c ond it ion  i s  s a id  to e x i s t  in  an organism when a sub­
s tance  i n t e r f e r e s  with  the normal fu n c t io n in g  o f  th a t  organism (13). Such 
a co n d it io n  can be m ild , ch ro n ic ,  a cu te  o r  even l e t h a l  f o r  the organism. 
Some of the most to x ic  substances  known are  anxJng our " m e ta l l ic "  elements 
and when these  occur in  the mg/l range they may be r e f e r r e d  to as " t r a c e  
m eta ls" .
The most important m eta ls  from the s tan d p o in t  of human to x i ­
cology a re  a r s e n ic ,  lea d ,  mercury, antimony, cadmium and th a l l iu m  (14). 
Other elements which have been found in  the  human body, bu t p lay  no 
c le a r ly  defined  b e n e f ic i a l  biochem ical ro le  are  aluminum, barium, bromine, 
chromium, n i c k e l ,  rubidium, s tro n t iu m , s i l v e r ,  b ism uth, t i n ,  t i tan ium  and 
gold (15). The presence of these  "m etals"  in  the  body in d ic a te s  probable 
exposure to environmental p o l lu t io n  e i t h e r  by in h a la t io n  or in g e s t io n  of 
contaminated food o r  w ater.  Each m etal has i t s  own environm ental and 
i n d u s t r i a l  hazards and each has c e r t a in  p a th o lo g ic a l  e f f e c t s  (14, 15).
Antimony, a r s e n ic ,  le a d ,  mercury and th a l l iu m  a f f e c t  c e r t a in  
enzyme systems in  the body w ith  antimony, a r s e n ic  and mercury p a r t i c u l a r l y  
a n ta g o n i s t i c  to  the su lfh y d ry l  groups. Mercuric io n s ,  even in  f a i r l y  
d i lu t e  s o lu t io n s ,  denature  p ro te in s  and cause p ro te in  p r e c i p i t a t i o n  (14).
Mercury i s  h igh ly  to x ic  to man and i s  cumulative in  body
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t i s s u e s  (16). I t  i s  absorbed from the g a s t r o i n t e s t i n a l  t r a c t  in to  the 
blood and produces a lo ss  of a c t i v i t y  o f  c e r t a i n  enzyme systems. In 1957 
over 4,000,000 pounds o f  mercury were used in  the  United S ta te s  fo r  medi­
c a l  and s c i e n t i f i c  re se a rc h ,  mercury vapor lamps, amalgams w ith  copper, 
t i n ,  s i l v e r  and gold in  s o ld e r s ,  photoengraving, b ronzing , p a in t  c o lo rs  
and a n t i f o u l in g  agents  fo r  the h u l l s  o f  sh ip s  (14). Mercuric c h lo r id e  
which i s  so lu b le  up to 61,000 mg/l in  w ater  a t  20'  ^ C i s  used in  embalming, 
d i s in f e c t in g ,  p re se rv in g ,  m anufacturing o f  ink and may occur in  wastes 
from lead  mining and chemical in d u s t r i e s  (17).
Lead i s  a cumulative poison in  man. I t  i s  s to red  in  bone and 
re ta in e d  w ith in  the  body in  bone marrow, b lood , l i v e r  and the kidneys 
(14). Drinking w ater  contaminated with  lead  becomes a v a i la b le  to the 
g a s t r o i n t e s t i n a l  t r a c t  and has caused a high inc idence  of chronic  nephro­
s i s  a s so c ia te d  w ith  increased  s k e l e t a l  lead  and an in c re ase  o f  lead  in  
the u r in e  (18). Lead i s  consumed by i n d u s t r i a l  sources a t  over 2,200,000 
pounds per y e a r ,  p a r t  of which r e tu r n s  to the environment p r in c i p a l ly  
through the use o f  t e t r a e t h y l  lead  in  g aso lin e  and lead base p a in t s  and 
s e a le r s  (14).
Cadmium i s  a lso  a cumulative poison  w ith  accumulation occurr ing  
in  both the s o f t  and hard t i s s u e s  of the body (19). I t  i s  known to be a 
ren a l  poison and Schroeder (20) has a s so c ia te d  cadmium with common hyper­
ten s ion  in  the United S ta te s .  Acid foods and beverages s to re d  in  cadmium- 
l in e d  co n ta in e rs  produce v io le n t  g a s t r o i n t e s t i n a l  symptoms w i th in  20 min­
u te s  a f t e r  in g e s t io n  (14). The main source of environmental contamina­
t io n  from cadmium i s  from the m etal p l a t in g  and i n d u s t r i a l  chemical in ­
d u s t r i e s .  I t  i s  a s so c ia te d  w ith  m e ta l l i c  z inc s u l f i d e s  and i s  used in
9leaking a l l o y s ,  cadmium p l a t in g ,  vapor lamps, c o lo r s ,  g la s s  works, s to rage  
b a t t e r i e s ,  welding, zinc sm elting  and r e f in in g ,  and in  the g r ind ing  and 
p o l is h in g  o f  a l lo y s  (18). Operations of t h i s  type a re  common and m il l io n s  
o f  g a l lo n s  of cadmium-bearing wastes are  being d ischarged  in to  env iron­
m ental w aters  d a i ly .
S i lv e r  i s  h igh ly  to x ic  to  mammals (16), and has become w ell  known 
f o r  the permanent b lu is h  sk in  d i s c o lo ra t io n  c a l l e d  a rg y r ia .  In g es t io n  of 
s i l v e r  in  low co n c en tra t io n s  i s  followed by d e p o s i ts  o f  the m etal in  the 
sk in  t i s s u e s  where subsequent r e a c t io n  to l i g h t  produces the d i s c o lo ra ­
t io n  (19). In travenous i n je c t io n s  of 1 g o f  s i l v e r  has been repo rted  to
cause t h i s  e f f e c t  (17).
Chromium dust  i s  known as a p o t e n t i a l  lung carcinogen in  man (21). 
Hexavalent chromium i s  s l i g h t l y  cumulative in  r a t  body t i s s u e s  a t  inges­
t io n  l e v e l s  g r e a t e r  than 5 mg/l (22). I t  i s  a lso  an a c t iv e  sk in  s e n s i ­
t i z e r  and can cause sk in  cancer  (21). According to  Underwood (23), Tipton 
has shown chromium to be the  only "abnormal" element in  which body t i s s u e  
c o n cen tra t io n s  a c tu a l ly  decrease  w ith  the age of the in d iv id u a l .  Chromium 
i s  w idely used in  in d u s try  as a m etal c le a n e r ,  co lo r in g  agent and in  
e l e c t r o - p l a t i n g  of m e ta ls ,  and in  the w aters  o f  i n d u s t r i a l  cooling 
towers (24).
Nickel i s  known to be a sk in  s e n s i t i z e r  when in  the form o f  i t s
so lu b le  s a l t s  and i t  a c ts  as  a neuro tox in  to  the c a rd ia c  and r e s p i r a to ry
ne-.ves (19).
Copper in g es ted  in  amounts exceeding normal human d i e t s  by a 
f a c t o r  o f  ten has been in d ic a te d  as being p o t e n t i a l l y  tox ic  to man (25). 
High copper co n c en tra t io n s  in  man have been a s so c ia te d  with  M editerranean
10
anemia, hemochromatosis, c i r r h o s i s  o f  the l i v e r ,  yellow a trophy o f  the 
l i v e r ,  t u b e rc u lo s i s ,  carcinoma, severe  chronic d ise a se s  and anemia, but 
these  obse rva t ions  do not n e c e s s a r i ly  im p lica te  copper as being the causa­
t i v e  agent (18).
Arsenic i s  a cumulative poison to man, e n te r in g  the environment 
p r im a r i ly  from p e s t ic id e s  and in s e c t i c id e s  (14). The minimum l e t h a l  dose 
of ASgOg i s  between 60 to 180 mg (14). I t  i s  s to re d  in  the body t i s s u e s  
in  the h a i r  and n a i l s  (16), and can cause sk in  and l i v e r  cancer when in ­
gested  in  the d r ink ing  water (26).
A p a r t i a l  l i s t  of  o th e r  t r a c e  m etals of importance and t h e i r  
t o x i c i t i e s  to man include: antimony, used in  therapy  f o r  le i sh m a n ia s is ,  
can produce o l ig u r ic  ren a l  f a i l u r e ;  th a l l iu m  commonly used in  r a t  poisons 
produces tach y ca rd ia ,  a lbum inuria and neuro log ic  symptoms; bismuth i s  an 
i n d u s t r i a l  poison whose ac t io n  on man i s  a s so c ia te d  w ith  acu te  ren a l  f a i l ­
u re ;  gold whose a d m in is t ra t io n  to rheumatoid a r t h r i t i s  p a t i e n t s  i s  o f te n  
followed by gold poisoning in  the form of d e rm a t i t i s ;  and uranium, whose 
to x ic  a c t io n  on man i s  s im i la r  to mercury poisoning  (18). Loeb (18) r e ­
p o r ts  t h a t  chronic  nephrotoxins such as Hg, Ag, B i, Cu, Cd, U, Pb, Au, As, 
Fe, Sb, and XI, when inges ted  over a pe riod  of months o r  y e a rs ,  can p ro ­
duce to x ic  nephropathy. Schre ine r  (18) s t a t e s  t h a t  World Health  Organi­
z a tion  s tu d ie s  have re c e n t ly  revea led  25,000 cases  of i n t e r s t i t i a l  neph­
r i t i s  v a r io u s ly  termed Yugoslavian, Bulgarian  and Balkan n e p h r i t i s  having 
a geographica l d i s t r i b u t i o n  conforming to s p e c i f i c  a l t i t u d e s  and s p e c i f ic  
r iv e r  v a l l e y s .  Cotz ias (27) r e p o r t s  th a t  chronic manganese poisoning  i s  
a c r ip p l in g  d isease  of the nervous system.
Trace m etals in  d r ink ing  water have been of growing concern in
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the f i e l d  o f  P ub lic  Health (19, 28, 29, 30, 31). In 1961 th e  World Health 
O rgan iza tion  pub lished  l im i t s  fo r  f iv e  m etals ranging from 0.05 mg/l fo r  
hexavalen t chromium, cadmium and s i l v e r  to 0.2 mg/l fo r  a r s e n i c .  Today 
not only the World Health O rgan iza tion  but the U. S. P ub lic  Health  Service 
Drinking Water Standards (as shown in  Table 1) c u r re n t ly  encompass seven 
metals having r e j e c t i o n  values  l e s s  than or equal to 1 .0  mg/l and th ree  
more m etals having suggested l im i t s  o f  5 mg/l or l e s s  (12).
TABLE 1
U.S. PUBLIC HEALTH SERVICE DRINKING WATER STANDARDS OF 1962
Chemical
C h a r a c te r i s t i c s
Suggested 
L im it (mg/l)
R e jec t ion  
Value (mg/l)
Arsenic 0.01 0.05
Barium 1.0
Cadmium 0.01
Chromium (Cr^^) 0.05
Copper 1.0
Iron 0.3
Lead 0.05
Manganese 0.05
Selenium 0.01
S i lv e r 0.05
Zinc 5 .0
Even though the environm ental c oncen tra t ions  of c e r t a i n  t ra c e  
m etals may be below the l e v e l s  expressed above, they s t i l l  pose a poten­
t i a l  t h r e a t  to the h e a l th  of man s in c e  th e re  are  numerous p o in ts  in  the 
environment where they may be concen tra ted  to s ig n i f i c a n t  l e v e l s  and r e ­
turned to the human through the  food chain (32, 33).
The biogeochemical i n t e r r e l a t i o n s h i p s  involved in  the process o f  
t ra c e  element e x t r a c t io n  from s o i l s  and w a te r ,  u t i l i z a t i o n  and concen tra ­
t io n  by organisms and t h e i r  ev en tu a l  r e le a s e  back to  the environment in
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a form a v a i la b le  fo r  r e -u s e  d esc r ib es  a cycle  of t ra c e  m etal concen tra ­
t io n  in  i t s  s im p les t  form. The p h y s ic a l  law o f  g r a v i t a t io n  e s s e n t i a l l y  
r e q u i re s  t h a t  the m ineral remains of t e r r e s t r i a l  organisms be c a r r i e d  down 
the r iv u l e t s  and stream s in to  the realm o f  the  aqua tic  ecosystem (34, 35, 
36).
Many m inera ls  s e le c te d  and co ncen tra ted  by previous l i f e  forms 
are  r e a d i ly  consumed by organisms in  the aq u a t ic  system. The d i v e r s i t y  
o f  aqua tic  spec ie s  r e l a t e s  to the  v a r i a b i l i t y  in  demand fo r  the s p e c i f i c  
kind and amounts of m a te r ia ls  e s s e n t i a l  f o r  c e l l  growth. S e l e c t iv i t y  and 
c oncen tra t ing  a b i l i t y  f o r  t ra c e  m etals reaches a zen ith  in  the aq u a t ic  
ecosystem in  the members of the f i s h  food cha in  (17).
G enerally , s e l e c t i o n  and co n c en tra t io n  o f  t ra c e  elements depends 
upon the requirem ents of the organism and c u to f f  mechanisms a re  a c t iv a te d  
to l im i t  f u r th e r  co n c en tra t io n  (20). Exception i s  noted to t h i s  g e n e ra l i ­
za t io n  e s p e c ia l ly  in  the f i s h  food chain  organisms. Trace m eta ls  in  ex­
cess of requ ired  amounts continue to be taken up from the medium and can 
become tox ic  to the  organism (17) or to the nex t h igher  organism in  the 
food chain (37).
Much evidence has r e c e n t ly  been ob tained  from rad io n u c lid e  up­
take s tu d ie s  in  the  co n c en tra t in g  a b i l i t y  of a q u a t ic  organisms (17, 33,
38, 39). I t  m atte rs  no t to an organism which s e le c t i v e ly  co n cen tra te s  
copper th a t  the copper be tagged "64" as opposed to " s ta b le "  copper.
Typical examples of s e v e ra l  c o n c en tra to r  organisms and t h e i r  
a b i l i t y  to c o n cen tra te  t ra c e  elements from the aqueous medium a re  i n ­
d ica ted  as follows (17):
ORGANISM
The a lgae  Ochromonas 
Freshwater fis ' '.
Marine In v e r te b ra te s  and 
b a c te r i a  
S p h a e ro t i l i s
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COPPER
CONCENTRATION FACTOR
1,800 to 3,000
50
1,000 to 5,000
4,000
Ochromonas 
Marine plankton 
Diatoms (Navicula) 
Copepods
COBALT
1,000 to 1,500 
10,000  
250 
50
Brown algae
CHROMIUM
100 to 500
IRON
Algae ( s ix  species) 1,000 to
Freshwater f i s h 10,000
Marine organisms (grouped) 1,000 to ;
The f l a g e l l a t e ,  Platymonas 1,000
Ochromonas 1,500 to
The diatom Navicula conf. 4,200
The f l a g e l l a t e  Chlamydomonas 6,000
Fish 10,000
Noncalcareous a lgae 20,000
Filamentous a lgae 100,000
Phytoplankton 200,000
Algae 
Protozoa 
In se c t  la rvae  
Freshwater f i s h  
Marine in v e r te b ra te s
5,000 to 13,500
200,000  
200,000  
30,000 to 100,000
40,000
A dditiona l  s tu d ie s  rev e a l  many well-known t ra c e  metal concen tra ­
to r  p la n ts  and animals which pose p o t e n t i a l  h e a l th  hazards to  man. The
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p la n t  A straga lus  racemosis i s  known to concen tra te  selenium  from the s o i l  
in to  i t s  leaves  to  a co n c en tra t io n  of more than 14,000 ppm (37), a l e v e l  
s u f f i c i e n t  to  k i l l  a cow. The lowly mushroom c oncen tra te s  s i l v e r  in to  
i t s  c e l l  t i s u e s  to more than 100 mg/kg of t i s s u e  weight (17 ) ,  and the 
o y s te r  c oncen tra te s  z inc  from sea  w ater  in to  i t s  t i s s u e s  to a concen tra­
t io n  f a c to r  (C .F.) of 5,000 (17). Copper concen tra ted  by the o y s te r  makes 
i t  u n f i t  to e a t  a t  a C.F. of 3,000 (17).
Aside from the a b i l i t y  of c e r t a in  organisms to c o n cen tra te  m etals 
from n on - tox ic  le v e l s  in  the  aqueous phase o f  the a q u a tic  environment to 
to x ic  l e v e l s  in  the food c h a in ,  t r a c e  metal p o l lu t io n  has an a d d i t io n a l  
e f f e c t  on the aqua tic  ecosystem which may a l t e r  the  u t i l i t y  of the  water -  
th a t  being the e f f e c t  o f  t r a c e  m etals  on c e r t a in  a q u a tic  organisms.
The aqua tic  organism i s  a c a p t iv e  of the a q u a tic  medium. Escape 
from the in f lu x  o f  u ndes irab le  o r  to x ic  substances  poured down upon such 
an organism i s  im possible  -  i t  must endure or d ie .  During t h i s  process 
some o f  the  t r a c e  m etals are  adsorbed upon exposed s u r f a c e s ,  absorbed 
in to  the c e l l s  o f  the organism, o r  in g es te d  and a s s im ila te d  in to  the 
t i s s u e s  (17, 33, 39).
Some of the tox ic  a sp ec ts  o f  t ra c e  m eta ls  to  aq u a t ic  organisms 
have been recognized; however, the evidence has been l im ite d  u n t i l  r e ­
c e n tly  due to the lack  of techniques having the s e n s i t i v i t i e s  requ ired  
to measure those minute q u a n t i t i e s  where to x ic  t ra c e  m etal a c t i v i t y  
o c c u r s .
Although aqua tic  organisms re q u i re  c e r t a in  t r a c e  m etals  a t  given 
c o n cen tra t io n s  fo r  normal c e l l  growth, a h igher  c o n c en tra t io n  may become 
to x ic  and even l e t h a l  to the organism (40). S y n e rg is t ic  e f f e c t s  o f  t race
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m etals  on organisms in  the aqueous medium i s  a dynamic phenomenon r e la te d  
to  the m u lt i tude  o f  chemical and p h y s ic a l  f a c to r s  p re se n t  w i th in  the 
medium a t  a given time (17).
Controlled  la b o ra to ry  s tu d ie s  on cause and e f f e c t  r e l a t io n s h ip s  
o f  to x ic  agents in troduced  to organisms a t  in d iv id u a l  sp ec ie s  l e v e l s  in  
lab o ra to ry  waters  f a i l  a t  the very o u t s e t  to  reproduce r e s u l t s  obtained 
in  an environmental aqua tic  medium. The la b o ra to ry  medium does not con­
t a in  those compounded v a r ia b le s  and i n t e r r e l a t i o n s h i p s  in  which the study 
o f  organismic responses to to x ic  m a te r ia ls  should occur. This environ­
ment i s  extremely d i f f i c u l t  to reproduce in  the  lab o ra to ry  and rese a rc h e rs  
have been p r im a r i ly  l im ite d  to quasi-env ironm enta l  t o x ic i t y  s tu d ie s  on 
aqua tic  organisms. R esu lts  of such s tu d ie s  a re  seen to d i f f e r  g r e a t ly  
(41). Consequently, s tu d ie s  of the response o f  a q u a tic  organisms to  
tox ic  m a te r ia ls  in troduced  in to  the medium a re  b e s t  undertaken w ith  e n v ir ­
onmental w aters  (41).
Arsenic (17) in troduced  in to  the a q u a tic  system has not been 
shown to be a h igh ly  poisonous subs tance ;  i t s  t o x ic i t y  to f i s h  food chain 
organisms v a r ie s  in  magnitude from 1 .0  to 40 mg/l as As
Aluminum (17) has been found to x ic  to s t ic k le b a c k  f i s h  in  a con­
c e n t r a t io n  of 0.1 mg/l as Al(NO^) during  a one-week exposure.
Barium (17) has been found to be to x ic  to the a lga  Scenedesmus 
a t  a co n cen tra t io n  l e v e l  or 34 mg/l as BaCl2  * in  a 96-hour TLm and
to go ld f ish  a t  200 mg/l.
Cadmium (17) has been found to x ic  to Scenedesmus a t  a concen tra ­
t io n  of 0.1 mg/l as CdCl2  and to  Daphnia magna a t  0.0026 m g/l. Cadmium 
a c ts  s y n e r g i s t i c a l ly  with z inc and copper to inc rease  t o x i c i t i e s  o f  a l l
16
th re e  metals to aq u a t ic  organisms. Calcium and magnésium ion concen tra ­
t io n s  in  hard water a c t  a n ta g o n i s t i c a l ly  towards c  imium to x ic i t y .  Cal­
cium a ls o  decreases  the  t o x i c i t y  o f  le a d ,  zinc and aluminum to a q u a tic  
b io ta .
Copper (17) i s  to x ic  to p lankton  a t  0.015 to 3 .0  mg/1 and to x i ­
c i t y  has been shown to be g re a te r  in  hard w a te r ,  .he s u l f a t e s  o f  copper 
and z inc ,  and copper and cadmium e x h ib i t  a sy ne rg i '  t i e  e f f e c t  on t h e i r  
t o x i c i t y  to f i s h .  Zinc a t  8 mg/1 i s  tox ic  to f i s h  and copper a t  0 .2  mg/1 
i s  to x ic ,  bu t  to g e th e r  z inc and copper a c t  s y n e rg is r t ic a l ly  to k i l l  f i s h  
a t  1 .0  mg/1 Zn and 0.025 mg/1 Cu. Copper t o x i c i t y  v a r ie s  widely among 
the spec ies  o f  a q u a t ic  organisms in  the system.
Chromium (17) t o x i c i t y  to  a q u a t ic  l i f e  v a r i e s  widely w ith  sp e c ie s ,  
tem pera tu re , pH, valence and antagonism or sy n e rg isn .  Some f i s h  have been 
found to  be r e l a t i v e l y  t o le r a n t  to chromium s a l t s  but the Diatom n av icu la  
i s  k i l l e d  a t  0 .2  mg/1 as K^Cr^Oy. Hexavalent chrom urn s a l t s  have been 
found to be h igh ly  to x ic  to c e r t a in  sp ec ie s  o f  aquai'.c  organisms bu t to 
o th e r  spec ies  the  t r i v a l e n t  form i s  more to x ic .  Schiffman, a^. (42) 
showed th a t  rainbow t r o u t  exposed to lo% le v e l  cone .n t ra t io n s  of chromium 
e x h ib i te d  p h y s io lo g ic a l  response by in c reased  blood hem atocri t  l e v e l .  
I n t e r e s t i n g l y ,  t h i s  response l e v e l  was a t  a c o n c e n tra t io n  g r e a t ly  below 
the 24-hr TLm of 100 mg/1 as chromium.
Iron  (17) immobilized Daphnia magna in  Lake E rie  water a t  a con­
c e n t r a t io n  le v e l  of 18 mg/1 as f e r r i c  c h lo r id e  and was to x ic  to Cyclops 
v e r n a l i s  a t  116 mg/1. The to x i c i t y  of i ro n  to aq u a t ic  organisms i s  i n ­
creased  a t  pH le v e l s  o f  5 .5  and lower, a t  in c reased  tem pera tu res ,  in  s o f t  
w a te r  and decreased d isso lv e d  oxygen c o n te n t ,  bu t c e r t a i n  s a l t s  have an
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a n ta g o n is t ic  e f f e c t  by p r e c i p i t a t i o n  o f  the i ro n  from the  water as an 
in so lu b le  form, thereby making i t  u nava ilab le  d i r e c t l y  and r e l a t i v e l y  
n o n - to x ic  to  the aqua tic  organisms.
Lead (17) in  River Havel water a t  an a lk a l in e  pH and a t  24® C 
was to x ic  to  Scenedesmus a t  2 .5  mg/1, to E^. c o l i  a t  1 .3  mg/1 and to 
Daphnia magna a t  5 mg/1. A 96-hr TLm fo r  fa thead  minnows has been de­
sc r ib e d  a t  2.4 mg/1 in  s o f t  water and 75 mg/1 in  hard w a te r .  Minute
q u a n t i t i e s  o f  lead  and o th e r  m e ta l l ic  s a l t s  in  water have been found to 
cause a coat of mucous to form over the body o f  f i s h  and the su rface  of 
the g i l l s ,  r e s u l t i n g  in  death  by s u f fo c a t io n .  The t o x i c i t y  o f  lead  to 
rainbow t r o u t  i s  increased  w ith  a decreased d isso lved  oxygen (DO) con­
c e n t r a t i o n  in  the w a te r ,  and calcium  a t  a c o n c e n t ra t io n  of 50 mg/l in
water c o n ta in in g  1 mg/l of lead  a c ts  a n ta g o n i s t i c a l ly ,  thus rendering  the 
lead n on - tox ic  to f i s h .
Mercury as the c h lo r id e  i s  h igh ly  so lu b le  in  w ater  and i s  ex­
trem ely tox ic  to f i s h  (17). C oncen tra tions  of 0.01 mg/l a re  to x ic  to
minnows on exposure from 80 to 92 days and 0.02 mg/l has been observed to
be to x ic  to s t ic k le b a c k  f i s h  in  7 days. Copper a c ts  s y n e r g i s t i c a l l y  with
mercury to in c rease  the t o x i c i t y  o f  mercury towards a q u a t ic  organisms.
Nickel (17) i s  l e t h a l  to s t ic k le b a c k  f i s h  a t  1 mg/l as n icke l  
n i t r a t e .  I t  i s  more to x ic  than  i ro n  o r  manganese; however, some f i s h  are  
re p o r te d  to l i v e  in  w ater  a t  a c o n c en tra t io n  of 18 mg/l as n ic k e l .
Nickel c h lo r id e  v a r i e s  w idely in  t o x ic i t y  to f i s h ,  depending on synergism, 
pH and sp e c ie s .  The 96-hr TLm f o r  fa thead  minnows in  s o f t  water was 
found to be 4 mg/l and in  hard w ater 24 mg/l expressed as NiCl 2  ' bH^O. 
Nickel ammonium s u l f a te  i s  to x ic  to Scenedesmus a t  0.09 mg/l. Synergism
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was shown to e x i s t  between n ic k e l  and zinc which increased  the t o x ic i t y  
o f  each m etal to aqua tic  organisms.
S i lv e r  (17) was found to  be l e t h a l  to s t ic k le b a c k  f i s h  a t  0.03 
mg/l when adm in is te red  as s i l v e r  n i t r a t e ,  and the to x ic  th re sh o ld  fo r  
s t ic k le b a c k s  was 0.0048 mg/l. The TLm fo r  Scenedesmus occurred a t  0.05 
mg/l and fo r  Daphnia and Microregma a t  0.03 mg/l of s i l v e r .  S i lv e r  n i ­
t r a t e  i s  h igh ly  so lub le  in  w a te r ,  bu t  the  s u l f a t e  i s  l e s s  so lu b le .  The 
in so lu b le  s a l t s  of s i l v e r  in  w ater inc lude  the c h lo r id e ,  s u l f i d e ,  phos­
phate  and a rs e n a te .
Zinc (17) has been repo r ted  l e t h a l  to the s t ic k le b a c k  a t  a con­
c e n t r a t io n  of 0.13 m g/l. Jones (17) r ep o r ted  th a t  calcium i s  a n ta g o n is t ic  
to zinc t o x i c i t y  to f i s h  and t h a t  a co n c en tra t io n  o f  0 .3  mg/l o f  zinc i s  
l e t h a l  in  s o f t  water but 2 mg/l i s  no t  to x ic  in  water con ta in ing  50 mg/l 
calcium. Zinc expresses  i t s  g r e a t e s t  t o x i c i t y  towards aq u a t ic  organisms. 
Copper w ith  zinc has a s y n e rg i s t i c  to x ic  e f f e c t  on aq u a t ic  organisms in  
s o f t  w a te r ,  and zinc with cyanide i s  more to x ic  to f i s h  than i s  cyanide 
alone (17).
S t r a in  (43) has s t a t e d :
I t  i s  ev iden t  t h a t  t ra c e  m eta ls  in  environmental h e a l th  i s  an 
enormous f i e l d ,  both p r a c t i c a l l y  and t h e o r e t i c a l l y .  The h e a l th  
o f  man i s  s t ro n g ly  influenced  by the elem ents. Some are  e s s e n t i a l  
to l i f e ,  o th e r s  a re  su b tle  po isons ,  and even b e n e f i c i a l  elements 
become to x ic  as the le v e l  in c r e a s e s .  Thus, the k in d s ,  amount and 
i n t e r r e l a t i o n s h i p s  of these  t ra c e  substances  must be considered  
in  ba lanc ing  our ecology.
Unknown concen tra t ions  of r e s id u a l  t ra c e  m etal p o l lu t a n t s  are  
being dumped d a i ly  in to  lo c a l  s tream  systems as un trea ted  waste by-pro­
ducts  from i n d u s t r i a l  p ro cesses .  The p o t e n t i a l  hazards to the  h e a l th  of 
man; the e f f e c t s  of tox ic  c o n c en tra t io n s  o f  t ra c e  m eta ls  in  h i s  foods;
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the e f f e c t s  on b i r d s ,  f i s h  and w i l d l i f e ;  the  e f f e c t s  on l iv e s to c k ;  and 
the e f f e c t s  on th a t  l im ite d  n a tu r a l  re sou rce  -  water -  are  as y e t  only 
p a r t i a l l y  unders tood . Immediate s te p s  must be taken to ev a lu a te  the 
ex te n t  and magnitude o f  the t ra c e  metal p o l lu t io n  of our n a tu r a l  w a te rs .
CHAPTER I I I  
PURPOSE AND SCOPE
The l i t e r a t u r e  i n d ic a te s  th a t  ex te n s iv e  work has been done in  
the  f i e l d  of water p o l lu t io n  in  the a reas  o f  m unicipal and i n d u s t r i a l  
waste e f f l u e n t s  and t h e i r  e f f e c t s  on human h e a l th  and the water q u a l i ty  
o f  the re c e iv in g  s tream . I t  a l s o  r e v e a ls  an in c re ase d  i n t e r e s t  in  water 
as a l im ite d  n a tu r a l  resource  whose use and re -u se  i s  l im ite d  by i t s  chem­
i c a l  and p h y s ica l  q u a l i t y ,  and th a t  i n t e r e s t  in  e u tro p h ic a t io n  has i n ­
creased  due to the problems genera ted  by in creased  n i t r a t e  and phosphate 
co n cen tra t io n s  added to  n a tu r a l  w aters  from waste e f f l u e n t s .  However, 
t r a c e  m etals  as waste products  from man's i n d u s t r i a l  and municipal p ro ­
g ress  have been almost completely overlooked as low -leve l  r e s id u a l  p o l ­
l u t a n t s  p a r t i c u l a r l y  w ith  resp ec t  to  the p o t e n t i a l  hazards to human 
h e a l th  and to the  u l t im a te  e f f e c t s  on aqua tic  ecology.
On the b a s is  o f  lab o ra to ry  t o x i c i t y  s tu d ie s  and b io a s sa y s ,  i t  i s  
w e l l  e s ta b l i s h e d  th a t  many t r a c e  m etals  are to x ic  to a qua tic  organisms in  
the  f i s h  food cha in  and to  the f i s h  them selves. I t  i s  a lso  w ell  e s ta b ­
l i s h e d  th a t  s e n s i t i v i t i e s  to t ra c e  m eta ls  vary both a t  the in d iv id u a l  
sp e c ie s  l e v e l  and accord ing  to  s y n e r g i s t i c  and a n ta g o n is t ic  e f f e c t s  due 
to  o th e r  chemical and p h y s ic a l  param eters  p re se n t  w i th in  the medium.
The l i t e r a t u r e  abounds w ith  in d iv id u a l  s tu d ie s  in  the la b o ra to ry  
s e t t i n g  which dea l  w ith  a s in g le  v a r i a b le  under c a re f u l ly  c o n t ro l le d
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co n d it io n s .  Thus i t  has been seen th a t  even with  i d e n t i c a l  concen tra t ions  
o f  c e r t a i n  m eta ls ,  d i f f e r e n t  l e v e l s  o f  t o x i c i t y  to i d e n t i c a l  organisms 
have been pub lished ; the d i f f e re n c e  being most l i k e l y  due to  v a r ia t io n s  
in  those  chemical and p h y s ic a l  v a r ia b le s  contained w i th in  the medium.
U nfortuna te ly , experim ental cond it ions  developed in  the la b o ra ­
to ry  under completely c o n tro l le d  cond it ions  appear to be incom patib le  with  
cond it ions  p re v a i l in g  in  the f i e l d .  Such la b o ra to ry  r e s u l t s  may be v a l id  
f o r  in d ic a t in g  genera l trends  or fo r  comparison pu rposes , bu t  they can be 
g ro s s ly  m isleading when p r o je c te d  to l a r g e - s c a le  environm ental co n d it io n s .  
Thus t ra c e  metal p o l lu t io n  c-f n a tu ra l  waters i s  seen to  be a m u lt i - fa c e te d  
problem whose impact u l t im a te ly  compounds the e f f e c t s  of those p h y s ic a l ,  
chemical and b io lo g ic a l  c o nd it ions  normally a s so c ia te d  in  the n a tu r a l  
environment upon the water q u a l i ty  of the stream  and i t s  b io ta .
The purpose o f  t h i s  i n v e s t ig a t io n  was to study the type , e x te n t  
and e f f e c t s  o f  t ra c e  metal p o l lu t io n  on a n a tu r a l  s tream  under the f u l l  
range of environmental c o n d it io n s  and to b r in g  in to  sharper  focus the im­
pac t  of t ra c e  m etals  as r e s id u a l  p o l lu t a n t s .
To achieve t h i s  g o a l ,  the lower p o r t io n  of the NCR, re p re sen t in g  
w ater vary ing  from r e l a t i v e l y  high q u a l i ty  to h igh ly  p o l lu te d ,  was s tud ied  
over a complete cycle  o f  c l im a t ic  and hydrologie  c o n d i t io n s .  S p e c i f i ­
c a l l y ,  water s tu d ie s  invo lv ing  the analyses o f  water and suspended s o l id s  
fo r  chromium, copper, cadmium, s i l v e r ,  n i c k e l ,  i ro n  and z inc  were con­
ducted on samples from lo c a t io n s  covering the 280 r i v e r  m iles and p r i n c i ­
p a l  t r i b u t a r i e s  from Oklahoma C ity  through the i n f lu e n t  arm o f  Lake 
Eufaula . In a d d i t io n ,  s im i la r  analyses were conducted on samples o f  f i s h  
l i f e  and bottom sediment from the lake .
CHAPTER IV
METHODS AND PROCEDURES
A comprehensive r iv e r  b a s in  survey of the 850-mi leng th  and 
15,000 sq mi watershed o f  the North Canadian River (NCR) Basin was con­
ducted in  o rder  to  determine more o b je c t iv e ly  the water use and waste 
w aters  genera ted  w ith in  the b a s in  and to s e le c t  the a c tu a l  s i t e s  fo r  the 
t r a c e  m etal s tudy . The b as in  survey e n ta i le d  a broad sweep o f  people and 
t h e i r  a s so c ia te d  a c t i v i t i e s  in  an environment p h y s ic a l ly  contained w ith in  
the  d ra inage  b a s in .  An attem pt was made to a sse ss  those n a tu r a l  resources  
a v a i la b le  to man and to  compare h i s  u t i l i z a t i o n  of those re so u rc es .
Current bas ic  resource  d a ta  were ga thered , analyzed and o r ien ted  
in  t h e i r  p roper p e rsp e c t iv e  in  r e l a t i o n  to the e n t i r e  p h y s ic a l  scope of 
the b a s in .  Comparative s tu d ie s  of the meteorology, geography, hydrology 
and geology of the e n t i r e  bas in  revea led  d i s t i n c t  d i f f e re n c e s  in  p r e c ip i ­
t a t i o n ,  tem pera tu re , evapo ra tion , e le v a t io n ,  stream  g r a d ie n t ,  ru n o ff ,  
s tream  d isc h a rg e ,  drainage a re a ,  r a t e  of p r e c i p i t a t i o n ,  m in e ra ls ,  a q u i f e r s ,  
and su rfa c e  and ground water u ses .  P r e c i p i t a t i o n  averages ranged from 
15 i n / y r  in  the upper b as in  to 40 i n / y r  in  the lower b a s in .  The r a t e  of 
p r e c i p i t a t i o n  in  the upper b a s in  was seen to be extremely v a r i a b le ,  with 
many of the  annual values repo rted  r e s u l t i n g  from a few v io le n t  seasonal 
thunders torm s, causing rap id  ru n o ff  and sh o r t  term flood  co n d it io n s  on 
the r i v e r ,  y e t  leav ing  only a t r i c k l e  o f  water in  the stream a few days
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l a t e r .  S o i l  evapora tion  and p la n t  t r a n s p i r a t i o n  account f o r  high water 
lo sse s  which a t  times g re a t ly  exceed the  amount shown fo r  annual p r e c i p i ­
t a t io n .  Each o f  these  d if fe re n c e s  were s u f f i c i e n t  to  w arran t d iv i s io n  of 
the o v e ra l l  b a s in  in to  th ree  se p a ra te  sub -bas ins  which are  descr ibed  in  
more d e t a i l  in  Table 11, Appendix A.
F u r the r  s tu d ie s  of the b a s in  survey w ith  regard  to the people 
and where they a re  loca ted  r e s u l te d  in  ano ther  d i s t i n c t  s e t  o f  d i f f e re n c e s  
w ith in  the b a s in .  Again, these  d i f f e re n c e s  p resen ted  a l o g ic a l  d iv i s io n  
of the b a s in  in to  th ree  sub -bas in s .  Popula tions  and p o l i t i c a l  d iv is io n s  
invo lv ing  about 800,000 people and p a r t s  o f  fou r  s t a t e s  and 26 c oun tie s  
a re  compared in  Table 12, Appendix A.
When compared to ad jacen t b a s in s ,  the North and South Canadian 
River Basins m ain ta in  a unique fe a tu re  with r e s p e c t  to n a tu r a l  water 
q u a l i ty .  Their  watershed drainage i s  ac ro ss  geo log ica l  form ations which 
are  r e l a t i v e l y  f r e e  from n a tu r a l  s a l t  d e p o s i t s ;  whereas, b as in s  to the 
no r th  and south  d ra in  areas of g eo lo g ica l  ou tcrops c o n s is t in g  o f  the
h igh ly  so lub le  Permian Age s a l t  beds from which lo w -q u a l i ty  su rfa c e  w aters
are  obtained  (44). Thus, i t  i s  t h i s  r e l a t i v e l y  high q u a l i ty  which g r e a t ly  
enhances the value of waters of the NCR Basin. G eological form ations 
which are  exposed by the r i v e r  a re  shown in  Appendix A, Table 11, and
p o te n t ia l  groundwater a q u ife rs  w i th in  the  b a s in  are  described  in  Table 15.
A d d it io n a l  analyses of the b a s in  survey d a ta  r e s u l te d  in  d i s t i n c t  
d i f f e re n c e s  in  the  economy o f  the reg ion  based on in d u s try  and a g r i c u l t u r e .  
A g r icu l tu re  i s  the backbone of the economy in  the upper b as in  c o n s is t in g  
mostly of dry farming of wheat and sorghums and beef c a t t l e  ranchirig on 
the l a r g e r  g ra s s la n d s ;  however, the tren d  to i r r i g a t i o n  farming has
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increased  due to the tremendous ground water resource  a v a i la b le  in  the 
O g a lla la  a q u ife r  (45, 46, 47 and 48).
Income from petroleum  production  was found to be unexpectedly  
high in  an a rea  u s u a l ly  regarded as p r im a r i ly  a g r i c u l t u r a l .  This r e s u l t  
was regarded with  some q u e s t io n  even by the Oklahoma S ta te  C orporation  
Commission. Comparative d a ta  d e sc r ib in g  in d u s t ry  and a g r i c u l tu r e  fo r  the 
th re e  d iv is io n s  of the NCR b a s in  are  p resen ted  in  Table 13, Appendix A. 
A g r ic u l tu ra l  acreage i s  compared fo r  i r r i g a t e d  lands a g a in s t  n o n - i r r ig a te d  
lands and in d u s try  i s  compared as to types o f  in d u s t ry  and m inerals  p ro ­
duced. Thus, a t h i r d  a rea  o f  I n t e r e s t  having pronounced d i f f e re n c e s  w ith ­
in  th ree  se c t io n s  o f  the bas in  provided sound reason fo r  d iv i s io n  o f  the 
b a s in  in to  se p a ra te  s u b -b a s in s .
Review of the r iv e r  b a s in  survey in  regard  to w ater  uses and 
waste waters  genera ted  w ith in  the b as in  denoted r a d ic a l  d i f f e re n c e s  among 
upper, middle and lower reg ions  as compared in  Table 14, Appendix A. 
Domestic and i n d u s t r i a l  waters  in  the more densely  populated and i n d u s t r i ­
a l iz e d  a reas  a re  ob tained  from lak es  and r e s e r v o i r s ,  whereas upstream 
popu la tions  r e ly  on groundwater as t h e i r  source of supply . The waste 
w ater  survey re v e a ls  th a t  some m u n ic ip a l i t i e s  have been forced to r e t r e a t  
from r iv e r  alluvium  as a source  of domestic supply due to gross p o l lu t io n  
by upstream c i t i e s .  This i s  unders tandab le  when streamflow d a ta  a re  com­
pared to sewage d ischarge  d a ta  which rev e a l  a r a t i o  of 35 g a l  of sewage 
pe r  g a l  of n a tu ra l  w ater  flowing in  the stream . The da ta  are  presen ted  
fo r  more d e ta i le d  comparison in  Table 18, Appendix A. The waste inven­
to ry  e s t im a te  of 60 MGD from 84 sources does not include  wastes produced 
by the new commercial beef c a t t l e  feed l o t  o p e ra t io n s  in  the upper
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p o r t io n s  o f  the b as in  or o ther  re c e n t  i n d u s t r i e s ,  nor does i t  include  
fe d e ra l  o r  m i l i t a ry  i n s t a l l a t i o n s  lo c a te d  w i th in  the b a s in .
A g r ic u l tu ra l  w ater uses showed d i s t i n c t  a r e a l  d i f f e re n c e s  fo r  
ground w a te r  a q u ife rs  and su rfa c e  sources of supply . Data regard ing  these 
s i t u a t i o n s  are  loca ted  in  Table 14, Appendix A.
The r i v e r  b as in  survey revea led  water resource  developments in  
a l l  r e g io n s ,  inc lud ing  the Optima R eservoir  c u r r e n t ly  under c o n s tru c t io n  
in  the  h igh  p la in s  a re a ,  and Lake Eufaula -  Oklahoma's l a r g e s t  r e s e r v o i r  
(area -w ise )  a t  the terminus o f  the  NCR b a s in .  The su rfa c e  and ground water 
development e f f o r t s  w i th in  the b a s in  ( ta b u la te d  in  Table 16, Appendix A), 
show ex cep t io n a l  d i f f e re n c e s  f o r  ground water development in  numbers of 
i r r i g a t i o n  w e lls  c u r re n t ly  in  o p e ra t io n  between the upper and lower reg ions .
Water resource  development planning programs fo r  the NCR b as in  
are  t a b u la te d  in  Table 17, Appendix A, and rev e a l  an i r r i g a t i o n  p lan  fo r  
u t i l i z i n g  over 700,000,000 g a l lo n s  of t r e a te d  sewage pe r  month on lands 
a d jacen t  to the  NCR near Oklahoma C ity . In sp ec t io n  o f  Table 18, w i l l  show 
th a t  th e re  would be no water in  the  NCR a t  Wetumka a t  times i f  t h i s  sewage 
flow were stopped! Planning fo r  development of water resou rces  must neces­
s a r i l y  inc lude  waste w a te rs ,  and p ro je c te d  p opu la t ion  s tu d ie s  have caused 
concern th a t  not only w i l l  th e re  be inadequate  water a v a i la b le  in  the 
f u tu r e ,  bu t  a d ju d ic a t io n  over "wastewater r ig h t s "  w i l l  be in  evidence.
A dm in is tra tion  o f  water resources  w ith in  the  b a s in  i s  l e g a l ly  
des igna ted  by the S ta te  L e g is la tu re  to f iv e  s e p a ra te  agencies c o n s is t in g  
o f  the Oklahoma S ta te  Health Department, Oklahoma Water Resources Board, 
Oklahoma S ta te  Department o f  F ish  and W ild l i f e ,  Oklahoma S ta te  Department 
of A g r ic u l tu re ,  and the Oklahoma S ta te  C orporation  Commission. The North
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Canadian River Basin i s  su b je c t  to f e d e ra l  l e g i s l a t i o n  invo lv ing  i n t e r ­
s t a t e  w a te rs ,  and water q u a l i ty  s tanda rds  have been l e g a l ly  assigned by 
the S ta te  and accepted by the f e d e ra l  government. In s p i t e  o f ,  and a t  
l e a s t  p a r t i a l l y  due to  the m u l t i p l i c i t y  of agencies invo lved , th e re  i s  
s t i l l  an apparent need fo r  t o t a l  water resource  management a t  the  s t a t e  
l e v e l ,  u n fe t te re d  and und ilu ted  by in d iv id u a l iz e d  i n t e r e s t s .
In d iv id u a l  surveys c o n s is t in g  o f  meteorology; geography, hydro­
logy, geology; p o l i t i c a l  d iv is io n s ;  p o p u la t io n s ;  i n d u s t r i a l  and a g r i c u l ­
t u r a l  economy; m unic ipal,  i n d u s t r i a l  and a g r i c u l t u r a l  water u ses;  waste 
w aters genera ted ; su rface  and ground water re sou rce  developments; and 
water resource  p lann ing  were analyzed. The r e s u l t s  o f  these  a na ly ses ,  
both in d iv id u a l ly  and c o l l e c t i v e l y ,  tended to  d e l in e a te  the  NCR b a s in  in to  
th re e  d i s t i n c t  sub -bas in s .  The proposed sub-bas ins  a re  des igna ted  by a 
map shown in  F igure 1, and a re  descr ibed  as :  the Upper NCR Basin from
N. E. New Mexico to Woodward, Oklahoma; the Middle NCR Basin from below 
Woodward to El Reno, Oklahoma; and the  Lower NCR Basin from above Oklahoma 
City down to and inc lud ing  the NCR arm of Lake Eufaula.
A more in te n s iv e  review o f  the th re e  sub-basins  revea led  the 
Lower NCR Basin as most a p p ro p r ia te ly  f i t t i n g  the des ign  c r i t e r i a  fo r  the 
t ra c e  metal water p o l lu t io n  s tudy .
Above Oklahoma C ity  the stream  w aters  a re  of r e l a t i v e l y  high 
q u a l i ty  and a re  impounded fo r  domestic use in  Oklahoma C ity .  Downstream, 
the r iv e r  rec e iv e s  storm runoff  and lo c a l  d rainage  from lower Oklahoma 
C ity , t r e a te d  municipal waste e f f l u e n t s  from the major popu la tions  and 
in d u s t r ie s  o f  Oklahoma C ity ,  the wastes from the la rg e  i n d u s t r i a l  Air 
M aterie l  Center a t  Tinker A ir  Force Base, and wastes from Shawnee and
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Figure 1— North Canadian River Basin
28
o th e r  m u n ic ip a l i t i e s .  The r i v e r  continues f o r  280 mi from Oklahoma City 
to  Lake Eufaula , a new r e s e r v o i r  which had not reached normal lake  l e v e l  
a t  the  o u ts e t  of the t ra c e  m etal s tudy .
I t  was des ired  to  sample m u lt ip le  ranges o f  w aters  from h ig h e s t  
to  lowest q u a l i ty  and a t  r e l a t i v e l y  equal d is ta n c es  between downstream 
sampling s t a t io n s  on the mainstream and in to  the NCR arm o f  Lake Eufaula . 
A ccord ingly , a topographic  map survey was conducted and ex ten s iv e  ground 
work was accomplished in  the  s e le c t i o n  of r e p r e s e n ta t iv e  s t a t i o n  lo c a t io n s  
fo r  the  study of r i v e r  and lake  w a te rs ,  f i s h  food cha in  organisms, lake 
bottom sediments and f i s h  samples fo r  t ra c e  m etal a n a ly se s .  The choice 
o f  s t a t i o n  lo c a t io n s  was f u r t h e r  based r e l a t i v e  to the United S ta te s  Geo­
l o g ic a l  Survey (USGS), Water Resources D iv ision  streamflow gaging s t a t i o n  
a t  the  upper extreme of the b a s in  as a known r e fe re n c e  p o in t  above 
Oklahoma C ity ;  a second s tream  gaging s t a t i o n  opera ted  by the United S ta te s  
Army Corps o f  Engineers (USCE), Tulsa D i s t r i c t ,  as a known re fe ren ce  p o in t  
on the  NCR near Wetumka in  the  middle of the b a s in ;  and a t h i r d  stream 
gaging s t a t i o n  as a known r e fe re n c e  p o in t  on the  Wewoka Creek t r i b u t a r y  
to  the Lower NCR. U nfo r tuna te ly  the  l a t t e r  s t a t i o n  was d iscon tinued  mid­
way through the t ra c e  m etal s tudy .
A d d i t io n a l ly ,  upstream s t a t i o n  lo c a t io n s  were s e le c te d  r e l a t i v e  
to  the  on-going resea rch  by the Oklahoma City Water P o l lu t io n  Control 
L abora to ry , and l i a i s o n  was e s ta b l i s h e d  with t h a t  l a b o ra to ry  to in su re  
th a t  s t a t i o n s  fo r  a l l  upstream samples in  t h i s  s tudy co incided  with t h e i r  
ro u t in e  sampling lo c a t io n s .  F in a l ly ,  l i a i s o n  was e s ta b l i s h e d  with the 
Oklahoma S ta te  Department of H ea lth ,  Environmental Health  S e rv ices ,  Water 
Q ua li ty  Control D iv ision  fo r  a d d i t io n a l  suggestions  concerning s t a t i o n
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l o c a t io n s .  C onsidera tion  o f  the  above f a c to r s  led  to  the s e le c t i o n  of 
the e ig h t  most r e p re s e n ta t iv e  mainstream and lake sampling s t a t i o n  lo ca ­
t io n s .
In a d d it io n  to the e ig h t  mainstream s t a t i o n s ,  13 a d d i t io n a l  s t a ­
t io n s  were se le c te d  in  order to inc lude  s p e c i f ic  t r i b u ta r y  streams as well 
as s t a t i o n s  w ith in  the la k e .  Of th e s e ,  s e v e ra l  t r i b u t a r y  stream s were 
suspec ted  of con ta in ing  la rg e  co n c en tra t io n s  of m etals  from e le c t r o p l a t i n g  
w astes .  Perm ission to conduct a t ru b u ta ry  stream  flow study  from wastes 
genera ted  w ith in  the grounds o f  Tinker A ir  Force Base was g ran ted , and 
under the  ausp ices  o f  Dr. Charles H. Lawrence, as Consulting  Engineer, 
e ig h t  V-Notch w eirs  were c o n s tru c te d ,  emplaced and monitored fo r  da ta  on 
streamflow leav ing  the m i l i t a r y  r e s e rv a t io n  fo r  a p e r iod  o f  s e v e ra l  months 
p r io r  to commencement of the  t r a c e  m etal s tudy . F igure 2 re v e a ls  the lo ­
c a t io n  of water sampling s t a t i o n s  in  the Lower NCR Basin and d e l in e a te s  
the w atershed w ith in  the drainage b a s in .
The following lo c a t io n  d e s c r ip t io n s  inc lude  the  NCR mainstream, 
t r i b u t a r y  and Lake Eufaula sampling s t a t i o n s  as lo ca ted  on the schematic 
map in  F igure  2.
S ta t io n  I  NCR a t  N.W. 10th S t r e e t  b r id g e ,  0.5 mi below Lake
Overholser o u t f a l l ,  upstream from Oklahoma C ity  p roper , 
a t  r iv e r  mile 280.
S ta t io n  I I  NCR a t  N.E. 4th S t r e e t  b r id g e ,  Oklahoma C ity .
S ta t io n  I I I -A  NCR a t  N.E. 23rd S t re e t  Bridge (below the Southside Sew­
age Treatment P l a n t ) ,  Oklahoma C ity .
S ta t io n  I I I -B  S o ld ie r  Creek t r i b u t a r y  to  NCR (d ra ins  the N.E. corner of
Tinker A ir  Force Base) a t  I n t e r s t a t e  Highway No. 40,
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Figure 2— Schematic representation of the Lower North Canadian River Basin water sampling 
stations and locations.
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S ta tio n  III-C
S ta t io n  III-D
S ta t io n  IV-A
S ta t io n  IV-B 
S ta t io n  V-A
S ta t io n  V-B
S ta t io n  V-C
S ta t io n  VI-A
S ta t io n  VI-B
S ta t io n  VII-A
S ta t io n  VII-B
S ta t io n  VII-C
Crutcho Creek t r i b u t a r y  to the NCR (d ra in s  the w estern  
p o r t io n  o f  Tinker A ir Force Base) a t  I n t e r s t a t e  Highway 
No. 40.
I n d u s t r i a l  Boulevard Drainage D itch t r i b u t a r y  to S o ld ie r  
Creek (d ra in s  the  n o r th - c e n t r a l  p o r t io n  o f  Tinker Air 
Force Base) a t  I n t e r s t a t e  Highway No. 40.
NCR a t  N.E. 63rd S t re e t  b r id g e ,  below Spencer, Del C i ty ,  
Midwest C ity  and Tinker Air Force Base waste water t r e a t ­
ment p l a n t s .
NCR about 5 mi above Shawnee a t  I n t e r s t a t e  Highway No. 40. 
NCR a t  I n t e r s t a t e  Highway No. 40 b r id g e ,  about 7 r i v e r  
m iles  below Shawnee.
Turkey Creek t r i b u t a r y  to the NCR a t  I n t e r s t a t e  Highway 
No. 40 b r id g e ,  10 mi e a s t  of S ta t io n  V-A.
Sand Creek t r i b u t a r y  to the NCR a t  I n t e r s t a t e  Highway No. 
40, 3 mi e a s t  o f  Turkey Creek.
NCR a t  I n t e r s t a t e  Highway No. 40 b r id g e ,  1 mi west of 
Bearden-C astie  In terchange.
Wewoka Creek t r i b u t a r y  to the NCR, loca ted  3 mi e a s t  of 
Wetumka on S ta te  Highway No. 9 b r id g e .
NCR a t  S ta te  Highway No. 84 b r id g e ,  2 mi n o r th  of Dustin  
and below the Wewoka Creek t r i b u t a r y .
Upper Bad Creek t r i b u ta r y  to  NCR, loca ted  1 mi south  of 
Pharoah on U.S. Highway No. 75 b r id g e .
Lower Bad Creek t r i b u ta r y  to NCR, lo c a te d  on S ta te  High­
way No. 84 b r id g e ,  2 mi upstream from S ta t io n  VII-A.
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S ta t io n  VIII-A Lake E ufaula , in  the v i c i n i t y  o f  the mouth of the NCR 
in c lu d in g  samples taken in  the  a rea  included  in :
a) SE 1/4 o f  SW 1/4 o f  SE 1/4 o f  Sec. 19, T 11 N -  
R 15 E, Hoffman, Oklahoma quadrangle.
b) SE 1/4 o f  NW 1/4  of NW 1/4 of Sec. 29, T 11 N -  
R 15 E, Hoffman, Oklahoma quadrangle.
c) SW 1/4 o f  NW 1/4 of NE 1/4  o f  Sec. 28, T 11 N -  
R 15 E, Hoffman, Oklahoma quadrangle.
S ta t io n  VIII-B The upper-middle NCR arm o f  Lake Eufaula a t  Dogwood Acres 
2 mi south  o f  P ie rc e ,  Oklahoma, which re p re s e n ts  the base 
s t a t i o n  fo r  Lake Eufaula .
S ta t io n  VIII-C Lake E ufaula , 3 mi below S ta t io n  VIII-B , inc lud ing  samples 
taken in  the a rea  o f :
a) Center o f  NE 1/4  of Sec. 25, T 11 N -  R 15 E,
P ie rc e ,  Oklahoma quadrangle.
b) Old Channel, NE 1/4 o f  NE 1/4 of SE 1/4 of Sec. 25,
T 11 N -  R 15 E, P ie rc e ,  Oklahoma quadrangle.
S ta t io n  VIII-D The lower NCR arm of Lake Eufaula above the confluence
with  the Deep Fork R iver, and about 2 mi above Fountain-
head Lodge. Samples taken in  the a re a  to include:
a) NE 1/4 o f  SW 1/4 of Sec. 32, T 11 N -  R 16 E, P ie rc e ,  
Oklahoma quadrangle.
b) Old NCR Channel, SW 1/4 of SW 1/4 of SE 1/4 of
Sec. 32, T 11 N -  R 16 E, P ie rc e ,  Oklahoma
quadrangle .
D uplica tion  o f  e f f o r t  in  the t ra c e  metal p o l lu t io n  study was
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minimized and l i a i s o n  was e s ta b l i s h e d  with the USCE, Tulsa  D i s t r i c t ,  
Hydrology Branch and the USGS, Oklahoma D i s t r i c t ,  Water Resources D ivi­
s io n  a t  Oklahoma City concerning r o u t in e ly  scheduled stream  d ischarge  data  
on the  upper and lower se c t io n s  o f  the  Lower NCR Basin and f o r  chemical 
and p h y s ic a l  analyses  of water samples from the middle and lower s e c t io n s .  
These analyses  included de te rm ina tions  o f  sodium (Na), b ica rb o n a te s  (HCO^), 
carbonates  (CO^), s u l f a t e s  (SO^), c h lo r id es  (C l) ,  n i t r a t e s  (NO^), phos­
pha tes  (PO^), d isso lved  s o l id s  (DS), hardness and s p e c i f ic  conductance, 
as shown on Tables 18 through 26 in  Appendix B.
The Oklahoma City M unicipal Water P o l lu t io n  Control Laboratory 
provided waste flow data  on t r e a te d  m unicipal wastes from the Southside 
Sewage Treatment P lan t a t  Oklahoma C ity  and c u rre n t  ro u t in e  d a ta  on chemi­
c a l  and biochem ical analyses o f  the w aters  in  the upper s e c t io n  o f  the 
Lower NCR Basin. These analyses included  de te rm ina tions  of biochemical 
oxygen demand (BOD), c h lo r id e s ,  a l k a l i n i t y  (Aik), n i t r a t e s  and phosphates 
as shown in  Tables 18 through 22.
Mr. LeRoy K. Rachels, Entomologist fo r  the Oklahoma S ta te  Health 
Department, Water Q uality  C ontro l  D iv is io n ,  Water P o l lu t io n  Control Sec­
t io n ,  i d e n t i f i e d  and q u a n t i f ie d  the phytoplankton and zooplankton f i s h  
food chain  organisms in  the samples c o l le c te d  and p repared  during the 
t r a c e  m etal s tudy . The tab u la te d  d a ta  a re  included in  Table 49, Appendix 
G. Dr. Carl D. Riggs i d e n t i f i e d  the spec ie s  and the in d iv id u a l  ec o lo g i­
ca l  p o s i t io n s  in  terms o f  food p re fe ren ce  and environmental h a b i t a t s  of 
those f i s h  c o l le c te d  fo r  a n a ly s i s  in  the t ra c e  metal s tudy . Fish species  
along w ith  t i s s u e  weight d a ta  are  tab u la te d  in  Table 50, Appendix H.
In o rder  to provide an o b je c t iv e  check on atomic abso rp t ion
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analyses  and to provide a d d i t io n a l  param eters  o f  t ra c e  m a te r ia ls  included 
in  lower NCR w a te rs ,  and to f u r th e r  e s t a b l i s h  a known base fo r  fu tu re  
w ater  re sea rch  in  the Lower NCR Basin, 20 w ater  samples re p re s e n t in g  a l l  
mainstream and lake  s t a t io n s  fo r  various  seasons o f  the year  and inc lud ing  
both  su rface  and bottom w a te rs ,  were s e le c te d  f o r  d u p l ic a te  and a d d i t io n a l  
ana lyses  fo r  t r a c e  m a te r ia ls  by em ission spec trog raph , the r e s u l t s  of 
which a re  shown in  Table 47, Appendix F. This s e rv ic e  was provided in  
p a r t  by Dr. Bobby J .  Gunter and by Mr. John F. Kopp, Metals Analyses Group 
Leader and h is  A n a ly t ic a l  Q uality  Contro l Laboratory  s t a f f ,  o f  the D iv i­
s ion  o f  Water Q ua lity  Research, Federal Water P o l lu t io n  Control A dm inistra­
t io n ,  U. S. Department of the I n t e r i o r ,  C in c in n a t i ,  Ohio. Such though tfu l­
ness and e x p e r t i s e  have added s i g n i f i c a n t l y  to the aims of t h i s  s tudy .
The spec trog raph ic  ana lyses  served  a f i n a l  purpose in  the t r a c e  
m etal study by making p o s s ib le  c o r r e la t io n  o f  the r e s u l t s  o f  t h i s  study 
w ith  t ra c e  metal s tu d ie s  performed in  the 65 major r iv e r  b as in s  o f  the 
world. The 12 most r e p r e s e n ta t iv e  r i v e r  b a s in s  in  the United S ta te s  and 
Canada (49) were s e le c te d  fo r  comparison (Table 48, Appendix F) o f  t ra c e  
m etal con ten t with  the Lower NCR Basin.
Thus, d e s i r a b le  a d d i t io n a l  param eters  o f  water q u a l i ty ,  stream  
flow s, and waste flows were planned and b u i l t  in to  the execu tion  of the 
t r a c e  metal s tudy , which encompassed a r e l a t i v e l y  comprehensive env iron ­
mental survey o f  w aters  o f  the Lower NCR Basin and included param eters  
f o r :  Ag, Al, B, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, P, Pb, Sr ,  V,
Zn, tem pera tu re , pH, DO, BOD, Na, Cl, Aik, NO^, PO^, HCO ,^ 80^, DS, hard­
n e s s ,  s p e c i f ic  conductance, n a tu r a l  stream flow , m unicipal waste flows 
and i n d u s t r i a l  waste flow s, as w ell  as an inven tory  on phytoplankton  and
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zooplankton as f i s h  food cha in  organisms and t h e i r  t ra c e  m etal co n te n t ,  
t r a c e  metal co n c en tra t io n s  in  lake  bottom sed im ents , and t ra c e  m etal con­
c e n t r a t io n s  in  a s e le c te d  e c o lo g ic a l  c ro s s - s e c t io n  o f  f i s h  spec ie s  from 
Lake Eufaula w a ters .
In order th a t  the samples might r e p re s e n t  d a i ly  as w ell  as sea ­
sona l  v a r i a t io n s  in  both  the  stream  c h a r a c t e r i s t i c s  and e f f l u e n t  d isc h a rg e s ,  
the  schedu ling  o f  sample c o l l e c t i o n  was based on i r r e g u la r  i n t e r v a l s ,  a t  
d i f f e r e n t  hours and vary ing  days o f  the week and p e r iods  o f  the month.
Sample c o l l e c t i o n  was accomplished in  such a manner as to m ini­
mize contam ination of the sample from any m etal no t a c tu a l ly  p re s e n t  in  
the  w a te r .  Surface samples were taken with  a minimum of  a e r a t i o n ,  from 
the c e n te r  o f  the main volume o f  s tream  flow over the s id e  of b r id g e s  in  
a 1 - g a l ,  open top, po lye thy lene  sampler which was secured by a nylon cord .
Bottom samples were taken in  a weighted 1-1 po lyethy lene  b o t t l e  
designed with a dual purpose two hole  cap and a nylon cord a ttached  to a 
s u rg ic a l  rubber ten s ion  device which opera ted  to e x t r a c t  a wooden plug 
from the  cap a t  any d e s ire d  dep th , thus a llowing w ater  to flow d i r e c t l y  
to the  bottom of the sampler through a po lye thy lene  tube in s e r te d  through 
the second hole  in  the cap, e x p e l l in g  a i r  through the d ischarge  ven t  in  
the  top o f  the cap. Thus, a non -ae ra ted ,  r e p r e s e n ta t iv e  bottom sample was 
ob ta ined  w ithout contam ination by w ater  from in te rm e d ia te  dep ths .
Water samples were c o l le c te d  and analyzed immediately in  the 
f i e l d  fo r  pH, DO and tem pera tu re , then placed in  30-ml po lye thy lene  con­
t a i n e r s ,  ac id ized  to 1 p e rc e n t  HNO^  and reserved  fo r  t ra c e  m etal a n a ly s is  
in  the  la b o ra to ry  by atomic ab so rp t io n  spectroscopy . A ll  pH de te rm ina­
t io n s  were made with  pHydrion sh o r t - ra n g e  papers of 0 .2  pH u n i t
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d i sc r im in a t io n .  DO analyses  were conducted with  equipment fu rn ished  in  
the Hacli DR-EL water a n a ly s is  f i e l d  k i t .
Phytoplankton and zooplankton samples from su rfa c e  and bottom 
w aters  were ob tained  i d e n t i c a l l y  to su rface  and bottom w ate r  samples and 
placed in  1-1 po lyethylene  b o t t l e s .  These samples were then  concentrated  
by c e n t r i f u g a t io n ,  s to re d  in  30-ml po lyethy lene  b o t t l e s  and r e f r ig e r a te d  
u n t i l  i d e n t i f i e d  and q u a n t i f ie d .
Lake bottom sediment samples were obtained from seven lo c a t io n s  
over 14 mi o f  the NCR arm of Lake E ufaula . V e r t ic a l  sediment cores were 
c o l l e c te d  and sea led  w ith in  1-cm hollow p l a s t i c  c y l in d e rs  con ta ined  w ith ­
in  a 9 - lb  s t e e l  core sampler designed to be dropped from a b o a t ,  d r iven  
in to  the  bottom sedim ents, and then r e t r ie v e d  to the s u r f a c e .  The ends 
o f  the p l a s t i c  tubes were plugged, the c y l in d e r  removed from the s t e e l  
sampler and maintained in  a v e r t i c a l  p o s i t io n  u n t i l  a n a ly s i s  in  the la b ­
o ra to ry  f o r  t ra c e  m eta ls .  The r e s u l t s  o f  sediment ana lyses  a re  reported  
in  Tables 40 through 46, Appendix E.
Samples of f i s h  r e p r e s e n ta t iv e  o f  both rough and game species  
as w ell  as v a ried  ecology and h a b i t a t s ,  were ha rves ted  from the NCR arm 
of Lake Eufaula  and used fo r  a s tudy o f  t ra c e  m etal con ten t o f  various  
organs and t i s s u e s  (Table 37, Appendix D) and fo r  comparison a g a in s t  t ra c e  
m etal con ten t o f  w a te r ,  food organisms and sediments as shown in  Table 6, 
page 53. Fish samples were c o l l e c te d  from S ta t io n  VIII-B in  Lake Eufaula 
on two d i f f e r e n t  occas ions , one o f  which was during an obvious on-going 
f i s h  k i l l .  The f i s h  a f fe c te d  appeared to be the g izza rd  shad and f re s h ­
w ater  drum, and the ex ten t  o f  the k i l l  was in d ic a te d  by a count of 50 f i s h  
in  a c i r c l e  6 f t  in  diam eter along the  windward shore .
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The o th e r  f i s h  s e le c te d  fo r  t r a c e  m etal a n a ly s is  from Lake 
Eufaula w aters  included  species  s e le c te d  on the b a s is  o f  s p e c i f i c  f i s h  
food h a b i t s  and ecology and included the  channel c a t f i s h ,  w hite  c rapp ie  
and the ca rp ,  a l l  of which were c o l le c te d  l i v e  by fishermen.
F ie ld  and lab o ra to ry  c o n ta in e rs  which con tac ted  samples were 
de te rg en t  washed, r in se d  in  deionized w a te r ,  ac id  washed in  2N HNO ,^ t r i p l e  
r in sed  in  de ion ized  water and sea led  u n t i l  u sed . Pyrex beakers to be used 
in  ash weight de te rm ina tions  were marked and ig n i te d  a t  600® C in  the 
muffle fu rnace .  A ll samples and s tanda rds  p resen ted  fo r  t ra c e  m etal 
a n a ly s is  by atomic a b so rp t ion  spectroscopy were in  the l iq u id  s t a t e  in  1 
pe rcen t  HNO^  s o lu t io n .
Weight analyses  fo r  wet, dry and ash samples were performed to 
the  n e a re s t  0.00001 g on a M e tt le r  Gram-atic ba lance .  A ll weight analyses  
except wet weight were preceded by d e s s ic a t in g  a t  room tem peratu re . Dry­
ing of samples was done in  a forced  d r a f t  drying oven a t  103° C f o r  24 
hours and ash ing  was accomplished in  a muffle furnace a t  500° C o v e rn ig h t .  
Deionized w a te r  was used fo r  a l l  r in s in g  and d i lu t io n  p rocedures .  All 
samples were r e c o n s t i tu te d  to 5 ml except phytoplankton and zooplankton 
samples which were r e c o n s t i tu te d  to o r ig in a l  measured sediment volume with 
1 pe rcen t  HNO .^
Phytoplankton and zooplankton samples were c o l le c te d  and placed 
in to  1-1 po lye thy lene  b o t t l e s ,  r e f r ig e r a t e d  a t  4° C, then c e n tr i fu g e d  a t  
4° C a t  2000 X g in  60 ml p l a s t i c  c e n t r i fu g e  tubes fo r  30 min, followed by 
d écan ta tion  of 90 percen t of s u p e rn a tan t .  With the a id  of a rubber po­
liceman, the  sediment was q u a n t i t a t iv e ly  t r a n s fe r re d  in to  a 30-ml poly­
e thy lene  b o t t l e  and r e f r ig e r a te d  a t  4° C u n t i l  i d e n t i f i c a t i o n  and
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q u a n t i f i c a t i o n  by the  drop sed im enta tion  method. I d e n t i f i c a t i o n  and quan­
t i f i c a t i o n  was to inc lude  those genera observed in  two o p t i c a l  passes  of 
the drop under the cover s l i p  o f  the  microscope s l i d e .  One drop was con­
s id e re d  to con ta in  approxim ately  0.05 ml and two o p t ic a l  passes covered
about 2 percen t o f  the t o t a l  a re a .
I d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  was followed by measuring the 
t o t a l  volume of sediment and contained su p e rn a tan t  with  a 25-ml graduated 
c y l in d e r ,  followed by q u a n t i t a t iv e ly  t r a n s f e r r i n g  the sample in to  a 40-ml 
beaker , d ry ing , weighing, ash ing , weighing and r e c o n s t i t u t i n g  with 1 p e r ­
c en t  HNO^  to the o r ig in a l  measured volume. Samples were then a g i t a te d  
and warmed s e v e ra l  times and reserved  fo r  t r a c e  m etal a n a ly s is  by atomic 
ab so rp t io n .
Seven lake  bottom sediment samples were r e f r ig e r a t e d  u n t i l  being 
d iv ided  in to  th re e  major f r a c t i o n s  c o n s is t in g  o f  the overly ing  core w a te r ,
the  water-sedim ent i n te r f a c e  f r a c t i o n  and the sediment f r a c t i o n .  The over-
ly in g  core water was removed to w ith in  1 cm o f  the sediment in to  a 30-ml 
po lyethy lene  b o t t l e ,  a c id ize d  and reserved  fo r  d i r e c t  a n a ly s is  fo r  t r a c e  
m etals  by atomic a b so rp t io n .  The in te r f a c e  f r a c t i o n  c o n s is t in g  of the 
bottom 1-cm o f  ov e r ly in g  water and the top 1-cm of sediment was removed 
in to  a 20-ml beaker . Each success ive  2-cm f r a c t i o n  of core was removed 
and p laced in to  a 20-ml beaker.
The wet weights o f  the in te r f a c e  and core  f r a c t io n s  were d e t e r ­
mined, followed by d ry ing , d e s s ic a t in g ,  weighing, ash ing , d e s s ic a t in g  
and weighing. P re p a ra t io n  of bottom cores fo r  t ra c e  metal a n a ly s is  by 
atomic a b so rp t ion  was accomplished by r e c o n s t i t u t i n g  each in te r f a c e  and 
core sample to 5 ml w ith  1 pe rcen t  HNO ,^ fo llow ing  which the samples were
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a g i t a te d  and warmed to in su re  s o lu t io n  o f  the m eta ls .
Five f i s h  were c o l l e c t e d ,  weighed, measured fo r  t o t a l  l e n g th ,  
i d e n t i f i e d  to  spec ie s  and f rozen  u n t i l  d i s s e c t io n .  Organs and t i s s u e s  o f  
i n t e r e s t  included g i l l s  and g i l l  f i la m e n ts ,  con ten ts  o f  a l im entary  c a n a l ,  
the  stomach and i n t e s t i n e s ,  l i v e r ,  sk in  (with s c a l e s ,  i f  p re se n t)  and 
muscle, each o f  which were c a r e f u l ly  removed and p laced  in to  20-ml beakers .
D issec t io n  was followed by wet weighing, d ry ing , d e s s ic a t in g ,  
dry weighing, ash ing , d e s s ic a t in g ,  and f i n a l  weighing. R e c o n s t i tu t io n  o f  
the  ashed samples to the l i q u i d  form was done in  the  same manner as  de­
s c r ib e d  fo r  the core  samples.
Trace metal s tanda rds  fo r  samples in  the s tudy  (with the excep­
t io n  o f  cadmium) were prepared  by s e r i a l  d i l u t i o n  from in d iv id u a l  C e r t i ­
f ie d  Atomic Absorption Standard Metal Reference S o lu tions  obtained  from 
F ish e r  S c i e n t i f i c  Company, Chemical Manufacturing D iv is io n ,  F a i r  Lawn,
New J e rs e y ,  and d i lu te d  to a t  l e a s t  seven s tandards  covering  each o f  the 
fo llow ing  ranges o f  co n c en tra t io n s  ( in  m g /l) :  Fe 0.100 to 25.0; Ni 0.050
to  10.00; Cu 0.025 to 2 .50; Zn 0.005 to 1 .00; Ag 0.005 to 1 .00; Cr 0.025 
to  2 .50; Cd 0.001 to  0 .500. Cadmium re fe rence  s o lu t io n  was prepared in  
the  la b o ra to ry  from 0.996 g o f  a cadmium m etal s t i c k  o f  Baker and Adamson 
q u a l i ty  ob tained  from General Chemical Company, New York, New York, d i s ­
solved in  10 ml o f  concen tra ted  HNO ,^ r e c o n s t i tu te d  to 1000 ml in  a vo lu ­
m etr ic  f l a s k  and d i lu te d  to the d e s i re d  c o n c e n t ra t io n .  Instrum ent opera ­
t io n a l  parameters ty p ic a l  f o r  atomic abso rp t ion  ana lyses  performed a re  
shown in  Table 2.
The hollow cathode (HC) tubes employed were of the  s in g le  e l e ­
ment type manufactured by Westinghouse and J a r r e l l -A s h  and the
T A B L E  2
ATOMIC ABSORPTION OPERATIONAL PARAMETERS 
FOR TRACE METAL ANALYSES
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Fe 2483 5 20 H e tc o 110 490 25 15 30 2X .100
Ni 2320 5 18 H e t c o 115 520 70 14 30 2X .100
Cu 3247 5 6 H e tc o 109 500 20 8 22 2X .025
Zn 2139 5 10 Hetco 110 500 80 6 13 IX .010
Ag 3281 5 8 Hetco 110 520 10 23 33 2X .010
Cd 2288 5 6 Hetco 123 650 80 10 31 2X .005
Cr 3579 1 5 T r i - F l a m e 10 540 10 7 23 5X .025
o
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p h o to m u l t ip l ie r  (PM) tube was an HTV R-106. Entrance and e x i t  s l i t s  to the 
monochromator were each 100 y wide. The reco rder  was a Beckman 1 0 - in  oper­
ated w ith  a Beckman sc a le  expander (Scale Exp.) having c a p a b i l i t i e s  o f  1 
to lOX expansion w ith  zero su p re ss io n .  Chromium was analyzed using  the 
Tri-F lam e, 10-cm lam inar flow burner w ith  the em itted  chromium beam 
cen tered  2 mm above the s lo t  o f  the bu rner  head. The a d ju s ta b le  burner 
mount was used f o r  the  chromium ana lyses  a t  p o s i t io n  10, bu t a l l  o th e r  
burner  h e ig h ts  r e f e r  to the a c tu a l  h e ig h ts  of the Hetco bu rner  o r i f i c e  
above the o p t i c a l  bench.
A n a ly t ic a l  va lues  fo r  t r a c e  m eta l  s tandards  were ob ta ined  from 
the  ou tpu t t r a c e  o f  the  10-in  Beckman s t r i p  c h a r t  reco rd e r  in  u n i t s  from 
0 to 100, 10 u n i t s  p e r  inch. A n a ly t ic a l  curves fo r  t ra c e  m eta l  s tandards  
were e s ta b l i s h e d  on 2 X 3 cycle  lo g a r i th m ic  paper by p l o t t i n g  known s tand­
ard c o n cen tra t io n s  a g a in s t  u n i t s  o f  reco rde r  ou tp u t.  A ll  samples were 
analyzed in  the manner described  above and values  ob tained  were p lo t t e d  
a g a in s t  the  a n a ly t i c a l  curve e s ta b l i s h e d  a t  the  same time sample analyses  
were performed. Standards were run every ten th  sample as a check on i n ­
strument s t a b i l i t y .  Typical va lues  from a n a ly t i c a l  curves a re  given in  
Table 3.
Samples e x h ib i t in g  co n c en tra t io n s  o f  metals o u ts id e  the above 
ranges were analyzed by varying the s c a le  expansion from IX, 2X, 5X to 
lOX, and employing the a p p ro p r ia te  s ta n d a rd s .  L in e a r i ty  o f  the a n a l y t i ­
ca l  curves was observed and s e r i a l  d i l u t i o n  was performed on samples of 
high c o n c en tra t io n s  in  the e f f o r t  to  m ain ta in  readings o f  t ra c e  m etals 
w ith in  the l i n e a r  s e c t io n  of the  a n a ly t i c a l  curve.
T A B L E  3
ATOMIC ABSORPTION RECORDER OUTPUT FOR TRACE METAL STANDARDS
Metal
Scale
Expansion
Concentration of Metal Standards (mg/1)
0.005 0.010 0.050 0.10 0.50 1.0 2.5 5.0 10.
Cd 2X 1 2 8 14 62 - - - -
Ag 2X .8 1.5 6 11 48 88 - - -
Zn IX - 1 4 7 25 45 - - -
Cu 2X - - 2 4 16 30 - - -
Cr 5X - - 2 4 20 39 - - -
Ni 2X - - - .8 5 11 30 55 89
Fe 2X - - - .8 3.8 7 14 32 60
ro
CHAPTER V 
DISCUSSION OF OBSERVATIONS
The scope of t h i s  i n v e s t ig a t io n  covers th re e  h ig h ly  i n t e r r e l a t e d  
concepts: (a) the a c t io n  o f  t r a c e  metal p o l lu ta n t s  in  the p h y s ic a l  and
chemical a spec ts  of the a q u a tic  environm ent, (b) the  a c t io n  o f  these  po l­
lu t a n t s  in  the b io lo g ic a l  a sp e c ts  o f  the a q u a t ic  environment, and (c) the 
impact o f  these  combined e f f e c t s  on the u t i l i t y  o f  t h i s  v i t a l  n a tu ra l  
re sou rce .
The q u a n ti ty  and k inds o f  t ra c e  m etals  added to the lower reach 
of the  NCR Basin may be seen in  Appendix C. Tables 27 through 35 i n d i ­
ca te  t h a t  t ra c e  metal p o l lu t io n  did  e x i s t  and th a t  these  p o l lu t a n t s  were 
added to the environmental w aters  from i n d u s t r i a l  and m unicipal waste 
e f f l u e n t  and r e s u l te d  in  maximum observed mainstream c o n cen tra t io n s  (mg/1) 
o f :  i ro n  a t  12 .0 ,  z inc a t  0 .820 , n ic k e l  a t  0 .660 , copper a t  0 .450,
chromium a t  0 .125, cadmium a t  0 .035 , and s i l v e r  a t  0 .025. Comparison of 
these  maximum co n cen tra t io n s  w ith  Table 1, page 11, re v e a ls  p o t e n t i a l  
h e a l th  hazards w ith  re sp e c t  to  cadmium which i s  3 .5  times the r e j e c t i o n  
value  f o r  drink ing  w a te r ,  and to  chromium which i s  2.5 times the r e j e c t i o n  
l i m i t .  These maximum mainstream co n c en tra t io n  l e v e l s  a re  observed to be 
c lu s te r e d  in  the  middle fou r  s t a t i o n s  o f  the b a s in ,  loca ted  downstream 
from the major sources o f  i n d u s t r i a l  and m unicipal waste e f f l u e n t s .
The h ig h es t  c o n c e n t ra t io n s  were observed in  the  t r i b u ta r y  streams
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as shown in  Appendix C, Tables 35 and 27 through 33, and inc lude  mg/1 con­
c e n t r a t io n s  fo r :  i ro n  a t  14 .0 ,  chromium a t  7.200, n ic k e l  a t  6 .500, cadmium 
a t  2.800, s i l v e r  a t  2.150, z inc a t  1 .500 , and copper a t  0 .550. Maximum 
co n c en tra t io n s  appear to be r e l a t e d  more to i n d u s t r i a l  o p e ra t io n  loads 
and p rocesses  than to seasonal p r e c i p i t a t i o n  f l u c tu a t io n s .  Furthermore, 
ob se rv a t io n  of these  ta b le s  in d ic a te  t h i s  p o l lu t io n  was o f te n  in te r m i t t e n t  
and th a t  o c c as io n a l ly  h igh ly  concen tra ted  s lugs  of t ra c e  m etal r e le a s e s  
were observed.
P a r t i a l  d i l u t i o n  of the heavy s lugs  o f  t ra c e  m etal wastes from 
t r i b u ta r y  streams was u su a lly  observed a t  downstream main channel s t a t i o n s .  
However, as can be seen from Tables 21 and 22, Appendix B, m unicipal 
wastes b ea r in g  t ra c e  m etals were o f te n  of such high volume th a t  they could 
be mapped from s t a t i o n  to s t a t i o n  downstream fo r  s e v e ra l  hundred m iles 
with  only s l i g h t  d i lu t io n  from downstream t r i b u ta r y  flow s, and occasion­
a l l y  the c o n cen tra t io n s  o f  c e r t a in  m etals were observed to be increased  
by the t r i b u t a r y  flows. Trace m eta ls  were observed f o r  p o s s ib le  removal 
from the system, and f u r th e r  in sp e c t io n  of Appendix C, Tables 27 through 
33 shows they were found to be p e r s i s t e n t  in  the mainstream and lake 
w a te rs .  S i lv e r  was suspected o f  being p r e c ip i t a t e d  in  the mainstream 
w a te rs ,  bu t  co n c en tra t io n s  of 0.010 to  0.005 mg/1 were t raced  downstream 
from s t a t i o n  to s t a t i o n  fo r  s e v e ra l  hundred m iles .  Sampling of su rface  
and bottom lake  waters  a t  the same lo c a t io n  and time o c c a s io n a l ly  r e ­
vealed h ig h e r  co n cen tra t io n s  o f  i ro n  and zinc in  bottom w a te rs ,  bu t fo r  
o th e r  m etals t h i s  p a t t e rn  was reversed  o r  was observed to be w ithout 
any apparent cons is tency .
Comparison of m unicipal waste inflows between S ta t io n s  I I  and
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I I I  from Tables 27 through 34, Appendix C, r e v e a ls  t ra c e  m etals are  no t 
removed from m unicipal and i n d u s t r i a l  wastes by o rd ina ry  waste t rea tm en t 
p ro cesses .  T reated  waste e f f l u e n t s  are  observed to in c rease  t r a c e  m etal 
c oncen tra t ions  in  mainstream waters  which rec e iv e  both  m unicipal and 
i n d u s t r i a l  waste e f f l u e n t s .  The high c o n c en tra t io n s  of t ra c e  m etals ob­
served from t r i b u ta r y  streams d ra in ing  the Tinker A ir  Force Base a rea  of 
S ta t io n s  I I I -B ,  C and D, and which a re  added to  the mainstream NCR between 
S ta t io n s  I I I  and IV, o c c as io n a l ly  appear to be g ro ss ly  inadequate ly  t r e a t e d ,  
and f u r th e r  in sp e c t io n  o f  Tables 27 through 35, Appendix C, rev e a ls  the 
impact o f  10 MGD inflow  of mixed i n d u s t r i a l  w astes upon the mainstream 
w aters  a t  S ta t io n  IV. Concentrations were observed to be s p o tty  along 
the mainstream, suggest ive  o f  i n te r m i t t e n t  d ischarge  of t ra c e  m eta ls  a t  
the  t r i b u ta r y  source. Trace m etals were found to p e r s i s t  in  both the main­
stream  and NCR arm o f  Lake Eufaula during and fo llow ing  t h e i r  downriver 
and downlake t r a v e l .  This obse rva t ion  in d ic a te s  t h a t  these  p o l lu t a n t s  are  
r e s id u a l  and th a t  they are  t ra n sp o rte d  by the r iv e r  and lake  c u r re n ts  and 
th a t  they p e r s i s t  over long periods  o f  time in  the  aq u a t ic  environment.
The a c t io n  of these p o l lu ta n t s  in  the  b io lo g ic a l  aspec ts  of the 
aq u a t ic  ecosystem can be observed from Appendix D, Tables 36 qnd 37, which 
revea l  th a t  phytoplankton , zooplankton and f i s h  from the r iv e r  and from 
the lak e  c on ta in  those same metals found in  the  environmental w a te rs .
Some o f  these  m a te r ia ls  a re  considered "abnormal" and not of an e s s e n t i a l  
na tu re  to these organisms, and a re  o f ten  to x ic  a t  l e v e l s  g r e a t ly  below 
those e s ta b l i s h e d  fo r  d r ink ing  w ater.  P lankton samples c o l le c te d  sim ul­
taneously  w ith  w ater samples fo r  t ra c e  metal a n a ly s i s  were o f te n  observed 
to con ta in  phenomenal co n cen tra t io n s  above th a t  l e v e l  observed in  the
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w a te r .  C oncentra tion  f a c to r s  (CF) f o r  t ra c e  m etal uptake from environ­
m ental w aters  of s e v e ra l  thousand times the l e v e l  in  the  w ater  are  seen 
fo r  p lank ton  in  Table 38, Appendix D. I t  i s  not known which genera are  
capable o f  t h i s  phenomenon, b u t  45 genera  are  c l a s s i f i e d  f o r  these  waters  
and q u a n t i f ie d  in  Appendix G, Table 49. From t h i s  t a b l e ,  which inc ludes  
t r i b u t a r y  stream s, a n o t ic e a b le  dropout in  number o f  genera and number of 
organisms occurs a t  S ta t io n s  I I I - B ,  C and D, in d ic a t in g  th a t  cond it ions  
fo r  aq u a t ic  l i f e  a re  extrem ely  l im i te d  on these  t r i b u t a r i e s .
Five spec ie s  o f  f i s h  r e p re s e n ta t iv e  of an e c o lo g ic a l  c ro s s -  
s e c t io n  of Lake Eufaula f i s h  were se le c te d  fo r  t r a c e  m etal ana lyses  on 
the b a s is  th a t  they inc lude  d i r e c t  p lankton  f e e d e r s ,  p r e d a to r s ,  omnivores, 
bottom fee d e rs ,  su rface  a lgae  skimmers, and scavengers ,  and th a t  they in ­
clude both rough and game s p e c ie s .  Appendix D, Table 37 shows t ra c e  
m etal d a ta  fo r  the GI t r a c t ,  sk in  and s c a le s  ( i f  p r e s e n t ) ,  muscle, g i l l s  
and g i l l  f i lam en ts  and l i v e r  o f  the channel c a t f i s h ,  white c ra p p ie ,  g iz ­
zard shad, freshw ater  drum and ca rp .  The l i v e r  appeared to  be uniformly 
the  organ of high m etal co n ten t  and the muscle, which i s  o f  importance 
in  t h i s  study because of the  food l in k  to man, was found to  con ta in  the 
lowest amount of m etal fo r  the  f i s h  s tu d ie d .  A d i f f e r e n c e  was noted in  
the f i s h  which were c o l le c te d  during the on-going f i s h  k i l l  because t h e i r  
t i s s u e  appeared to have h ig h e r  metal c o n c en tra t io n s  than those f i s h  co l­
l e c te d  a l i v e .  Table 39, Appendix D i l l u s t r a t e s  the  c o n c en tra t io n  o f  t ra c e  
m etals  in  the f i s h  above those  l e v e l s  p resen t  in  the  ambient w a te r .  The 
p a t t e r n  fo r  t ra c e  m etal accum ulation in  f i s h  muscle appears to be 
Zn > Fe > Ni > Cu > Cr => Cd > Ag. Cadmium and s i l v e r  were of r e l a t i v e l y  
low co n c en tra t io n s  in  comparison w ith  chromium, n i c k e l ,  z inc and copper.
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Analyses of the  c o n ten ts  o f  the  stomach and i n t e s t i n a l  t r a c t  o f  some species  
revea led  high CFs above the  l e v e l  observed in  the w a te r ,  suggesting  inges­
t io n  to be the p r in c ip le  mode o f  e n t r y .  For example, in sp e c t io n  of Table 
39, Appendix D, shows the carp to have a CF f o r  Zn a t  410, the g izzard  
shad a CF fo r  Ni a t  50, Cd in  the  f reshw ater  drum a t  a CF o f  72, Cu in
the carp a t  a CF o f  25, Ag in  the w hite  c rappie  with a CF o f  1 .0 ,  Cr in
the g izz a rd  shad w ith  a CF 15, and in  the  channel c a t f i s h  a t  11. The ob­
served CFs fo r  most m eta ls  in  the l i v e r  of most spec ie s  of f i s h  appears
to be r e l a t e d  to the CFs observed in  the  g a s t r o i n t e s t i n a l  t r a c t  and con­
t e n t s ,  and suggests  a p o s s ib le  r e l a t i o n s h ip  to m etabolic  o r  d e to x ify in g  
mechanisms from t ra c e  m etals  in g es te d  v ia  the food cha in . D if fe rences  
i n  CFs f o r  the  GI t r a c t  and l i v e r  a lso  suggest a p o s s ib le  r e l a t i o n s h ip  
to the time f a c to r  involved between feed ing  and c a p tu re .  Furthermore, 
i t  may occur t h a t  s p e c i f i c  t ra c e  m eta ls  are  re ta in e d  in  the l i v e r  over 
longer  p e r iods  o f  time. The muscle in  most spec ie s  i s  g e n e ra l ly  observed 
to e x h ib i t  a lower CF than  e i t h e r  the GI t r a c t  or l i v e r ,  and i s  f e l t  to 
r e p re s e n t  t ru e  uptake of t ra c e  m etals  from the environment—e i t h e r  
through the a q u a tic  food chain organisms by way o f  the a l im en ta ry  canal 
or by d i f f u s io n  from the medium. Evidence i s  o f fe red  by the l i v e  spec ies  
t h a t  t r a c e  m etal c o n cen tra t io n s  in  the muscle a re  r e l a t e d  to  those con­
c e n t r a t io n s  found in  the stomach and l i v e r ,  and th a t  f i s h  do concen tra te  
t r a c e  m etals  above the l e v e l s  observed in  w ater.
Lake bottom sediments p rovide  an i n t e r e s t i n g ,  long term a s se s s ­
ment fo r  t ra c e  m etals  e n te r in g  the lake  environment, and the  d a ta  may be 
seen in  Appendix E, Tables 40 through 46. V e r t ic a l  core sediment columns 
were analyzed f o r  t ra c e  m etals s t a r t i n g  a t  the w ater-sed im ent in te r f a c e
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and a t  each success ive  2-cm sediment s e c t io n  t h e r e a f t e r .  As can be seen 
from the ta b le s  fo r  each m eta l,  and almost w ithou t excep tion , the  i n t e r ­
face f r a c t i o n  contained the h ig h e s t  co n c en tra t io n  o f  t ra c e  m e ta ls .  Since 
th i s  r ep re sen ts  the  p o in t  of g r e a t e s t  be n th ic  b io lo g ic a l  a c t i v i t y ,  these  
metals a re ,  th e re fo re ,  made re a d i ly  a v a i l a b le  fo r  recy c lin g  by b io lo g ic a l  
organisms in  the f i s h  food cha in , and a re  a d d i t io n a l ly  in  a p o s i t io n  of 
sem i-suspension—capable of being recyc led  by w ater  c u rre n ts  or over­
tu rn  o f  the  lake w ater  and consequently  r e d i s t r i b u t e d  throughout a l l  
lay e rs  o f  lake  w a te r .  Thus, t r a c e  m eta ls  a re  a v a i la b le  fo r  r e c y c l in g  a t  
the in te r f a c e  and in  the  unconsolida ted  deeper sed im en ts .
In te r fa c e  f r a c t io n s  a lso  rev ea l  a cons ide rab le  CF fo r  t ra c e  
metals above th a t  average c oncen tra t ion  observed in  the  overly ing  lake  
w a te rs .  The ranges and average CF fo r  seven lake  bottom in te r f a c e  samples 
c o l le c te d  from 14 lak e  miles in  the NCR arm of Lake Eufaula are  shown in  
Table 4. I n t e r e s t i n g l y ,  the p a t t e r n  of CFs observed f o r  f i s h  muscle i s  
followed r e l a t i v e l y  c lo se ly  by the CF p a t t e r n  ex h ib i te d  a t  the i n te r f a c e .  
Another obse rva t ion  i s  the extreme range found fo r  i ro n ,  fo r  which the 
average value shown i s  f e l t  to be somewhat u n r e a l i s t i c  u n t i l  much f u r th e r  
d e ta i le d  work i s  accomplished. However, i t  i s  f e l t  th a t  the range i s  
r e a l i s t i c ,  and th a t  i ro n  may be "pocketed" a t  times under s p e c i f i c  phys i­
ca l  and chemical cond it ions  of the water and lak e  bottom. Furthermore, 
Oklahoma i s  noted fo r  i t s  red s o i l  which i s  high in  i ro n  c o n te n t ,  and 
accord ingly  i t  i s  f e l t  t h a t  some of t h i s  m etal o r ig in a te s  n a tu r a l l y  w ith ­
in  the drainage b a s in .  Without excep tion  fo r  the o th e r  s ix  m eta ls ,  the 
average observed fo r  a l l  samples s t r i k e s  approxim ately the middle o f  the 
range, and the range i s  observed to be q u i te  sm all.  Nickel was found to
T A B L E  4
RANGE AND CONCENTRATION FACTOR FOR METALS 
AT THE WATER-SEDIMENT INTERFACE
Metals in Water 
mg/1
Metals in 
Interface
Water-Sediment 
(mg/kg wet wt) Average
CF
Range Average Range Average
Fe ND - 3.7 1.93 11.0 - 6,122. 992. 514
Ni ND - 0.22 0.027 1.5 - 3.9 2.15 80
Zn 0.015 - 0.42 0.14 4.0 - 10.0 6.00 43
Cr ND - 0.050 0.012 0.19 - 0.89 0.49 40
Cu ND - 0.34 0.077 0.38 - 1.19 0.69 8
Cd ND - 0.013 0.0032 0.012 - 0.040 0.025 8
Ag ND - 0.010 0.0015 0.005 - 0.011 0.007 5
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c o n c en tra te  f a i r l y  h e a v i ly  a t  the  i n t e r f a c e ,  and was a ls o  c o n s i s t e n t ly  
found to be h igh ly  concen tra ted  in  the  g i l l  o f  a l l  sp e c ie s  o f  f i s h  as 
shown in  Table 39, Appendix D. Zinc and chromium were both observed to 
co n c en tra te  a t  the  i n te r f a c e  a t  approxim ately the  same r a t i o ;  however, 
the  a c tu a l  q u a n t i ty  o f  zinc a t  the  i n te r f a c e  was ten  times the q u a n t i ty  
o f  chromium. Copper and cadmium appear to  have been concen tra ted  e q u a l ly ,  
bu t  q u a n t i t a t i v e l y ,  copper con ta ined  n e a r ly  th re e  times the amount a t  the 
i n te r f a c e  as did cadmium. S i lv e r  i s  observed to p e r s i s t  throughout the 
downriver course and throughout the  14 m ile s  o f  lake  and i s  shown to have 
been concen tra ted  a t  the  i n te r f a c e  by a f a c to r  o f  f iv e  times the average 
l e v e l  observed in  the  w aters  o f  the  lak e  during  the p e r io d  o f  s tudy .
Fur the r  s tudy of Tables 40 through 46, Appendix E, r e v e a ls  the 
2 -cm sediment core f r a c t i o n s  to  e x h ib i t  an i n t e r e s t i n g  p a t t e r n  o f  c y c l ic  
c o n c en tra t io n s  fo r  each m eta l.  Such a cyc ling  phenomenon suggests  i n t e r ­
m i t t e n t  s lugs  o f  t r a c e  metals were c a r r ie d  in to  Lake Eufaula by the NCR 
over long pe riods  o f  t im e, and t h a t  t r a c e  metal p o l lu t io n  o f  t h i s  r i v e r  
b a s in  was not new. S tud ies  o f  sed im en ta tion  r a t e s  w ith  e x tens ive  t r a c e  
m etal core s tu d ie s  would se rve  to d e l in e a te  the time f a c to r  involved which 
has been shown to  e x i s t  by core samples observed during  t h i s  s tudy . 
U l t im a te ly ,  i t  i s  f e l t  by t h i s  observer  t h a t  the  p o t e n t i a l l y  to x ic  m eta ls  
p re s e n t  a t  the i n te r f a c e  cannot be d ism issed as be ing  non-hazardous merely 
due to t h e i r  p o s i t io n  a t  the bottom of the  la k e ,  bu t t h a t  these  concen tra ­
t io n s  have s ig n i f ic a n c e  in  t h a t  they may p lay  a d e le te r io u s  ro le  in  the 
f u tu r e  ecology o f  Lake Eufaula .
The impact of t ra c e  m etal p o l lu t a n t s  from i n d u s t r i a l  and muni­
c ip a l  wastes added to w aters  o f  the LNCR b a s in  i s  revea led  by comparison
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of the  combined in d iv id u a l  p h y s ic a l ,  chemical and b io lo g ic a l  a spec ts  in  
t h e i r  r e l a t i o n  to the u l t im a te  e f f e c t s  exerted  on the t o t a l  aqua tic  
system. Trace m etal co n c en tra t io n s  were observed in  Lake Eufaula  waters  
in  amounts unacceptab le  accord ing  to USPHS drink ing  w ater s tandards  fo r  
cadmium and chromium.
These w aters  e x e r t  an e f f e c t  on the f i s h  and o th e r  aq u a t ic  organ­
isms w ith in  the ecosystem. Levels were observed (Table 5) a t  which to x i ­
c i t y  i s  known to occur f o r  c e r t a i n  f i s h  and microorganisms (17).
From t h i s  ta b le  i t  may be seen th a t  Lake Eufaula  w aters  were 
observed to ,  on occas ion , co n ta in  t ra c e  metal co n c en tra t io n  l e v e l s  which 
v a r ie d  from 1  to 16 times the l e v e l  known to be to x ic  to  s p e c i f i c  aqua tic  
organisms, and from le s s  than 1 to more than 3 times the  known to x ic  
l e v e l  f o r  c e r t a in  f i s h .
Previous o bse rva t ions  have in d ic a te d  th a t  the  NCR w aters  con­
ta in e d ,  t ra n sp o r te d  and caused t r a c e  m etals to be reco n c e n tra te d  in  the 
lak e  bottom sediments to r e l a t i v e l y  high c oncen tra t ions  and th a t  these  
w aters  caused plankton and f i s h  to e x h ib i t  abnormal m eta ls  in  t h e i r  t i s ­
sues and caused the p lank ton , lake  bottom sediment and f i s h  to e x h ib i t  
t r a c e  m etal l e v e l s  above th a t  l e v e l  found in  ambient lak e  w a te rs .  The 
behav io r  of t ra c e  m etals in  these  m a te r ia ls  and the r e l a t i o n s h ip  between 
them and average lake water c o n c en tra t io n s  i s  reviewed in  Table 6 . In ­
t e r e s t i n g l y ,  metal con ten t l e v e l s  in  the f i s h  muscle g e n e ra l ly  appear to 
fo llow  the p a t t e rn  e s ta b l is h e d  by the w a te r ,  the p lank ton , and the i n t e r ­
fac e .  R e la tive  t ra c e  metal accumulating c h a r a c t e r i s t i c s  were observed 
fo r  these  co n c en tra t in g  system s, and are  compared as r a t i o s  based on 
ashed co n cen tra t io n s  in  Table 7. This comparison i s  n e c e s s a r i ly  based
T A B L E  5
TOXICITY OF TRACE METALS IN THE AQUATIC ECOSYSTEM
Metal
Lake Eufaula 
Waters 
(mg/1)
Toxicity to Aquatic 
Organisms (17) 
(mg/1)
Toxicity 
to Fish (17) 
(mg/1) Species Form (17)
Ag .010 .005 D . Magna .003 Stickleback AgNOg
Cd .013 .003 D . Magna .030 Salmon fry Cd + Zn
Cr .050 .050 D . Magna 1.200 Stickleback Cr^CSO^),
Cu .340 .050 D . Magna .140 Trout CuSO^
Ni .220 .050 Microregma .800 Stickleback N i (NO^)g
Zn .420 .024 D . Magna .300 Stickleback ZnSO . 4
Fe 3.700 Variable .2 to 50 General Variable
Ln
NO
T A B L E  6
TRACE METALS IN  THE NCR ARM OF LAKE EUFAULA
Metal
Water
(mg/I)
Phyto- and Zooplankton 
(mg/ks of Ash)
Water—Sediment 
Interface 
(mg/kg of Ash)
Fish 
Mus cle 
(mg/kg of Ash)
Fe 2 7,000 1,400 128
Zn 0.14 270 45 216
Cu 0.08 90 6 30
Ni 0.03 25 22 41
Cr 0.013 50 4 9
Cd 0.003 8 0.3 1.5
Ag 0.001 6 0.1 0.4
LnU>
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on ashed weight de te rm ina tions  due to the d i v e r s i t y  o f  m a te r ia ls  r e p re ­
sen ted  among the samples o f  p lan k to n ,  the w ater-sed im ent in te r f a c e  and 
the  f i s h  muscle, and i s  r e l a t i v e  to the co n c en tra t io n s  observed between 
the  w ater  and these  th re e  m a t e r i a l s .
TABLE 7
RATIOS OF CONCENTRATIONS OF TRACE METALS 
IN VARIOUS MATERIALS IN LAKE EUFAULA
Metal
Lake
Water
(mg/1 )
Lake Plankton and o th e r  
Suspended M ate r ia l  
(Ratio)
Lake
Water-Sediment
In te r fa c e
(Ratio)
Lake
Fish
Muscle
(Ratio)
Fe 2 . 55 1 1 1
Zn 0.14 6 1 5
Cu 0.08 15 1 5
Ni 0.03 1 + 1 2
Cr 0.013 1 2 1 2
Cd 0.003 26 1 5
Ag 0 . 0 0 1 60 1 4
With the excep tion  of i r o n ,  the  fo llow ing  r e l a t i o n s h ip s  a re  ob­
served : the  i n te r f a c e  was the lowest accumulator system w ith  r e sp e c t  to
ambient c o n cen tra t io n s  in  the  lake  w a te rs ;  in te rm e d ia te  in  t r a c e  m etal 
accum ulating p ro pens i ty  was the f i s h  muscle; and the h ig h e s t  apparent 
accum ulator system s tu d ie d  appears to be the p lank ton  and o th e r  suspended 
m a te r ia ls  which, with the excep tion  of n ic k e l ,  was o u ts ta n d in g ly  h igh . 
These i n t e r e s t i n g  r a t i o s  appear to in d ic a te  s p e c i f i c  accumulator system 
a f f i n i t i e s  fo r  s p e c i f ic  t ra c e  m eta ls .  The extrem ely  v a r i a b le  p lank ton / 
i n te r f a c e  r a t i o s  seem to in d ic a te  the  need fo r  a more d e ta i l e d  study of
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the p lank ton  accumulator system fo r  each m etal than l im i t a t i o n s  o f  time 
allowed during  t h i s  s tudy . However, a c o n s is te n t  p a t t e r n  o f  t r a c e  metal 
accumulation i s  observed fo r  these  th re e  co n cen tra to r  systems shown to be 
op e ra t in g  in  the  aq u a t ic  ecosystem.
I t  has been observed t h a t  LNCR w aters  no t only cause r e s id u a l  
p o l lu ta n t s  to be concen tra ted  w i th in  the  ecosystem, but t h a t  they a re  ob­
served to  be cumulative in  the  l a c u s t r i n e  environment which u l t im a te ly  
in c re ase s  the environmental background l e v e l  o f  t ra c e  m eta ls  w ith  resp ec t  
to time. O bservations of the  behav ior  o f  these  r e s id u a l  m a te r ia ls  have 
revea led  them to be t ra n sp o r te d  by s tream  w a te rs ,  to be concen tra ted  by 
va rious  mechanisms, to be cumulative and no t r e a d i ly  removed from the 
system, to be a v a i la b le  in  in c re a s in g ly  concen tra ted  forms fo r  rec y c l in g  
throughout the  aqua tic  environment by the p h y s ic a l ,  chemical and b io lo g i ­
ca l  mechanisms, and to p o ss ib ly  e x e r t  t h e i r  u l t im a te  e f f e c t s  over and 
over again  in  the n a tu ra l  cyc les  a s so c ia te d  with the l a c u s t r i n e  ecology.
These w aters  were observed to cause the f le s h  o f  f i s h  to reach 
t ra c e  m etal l e v e l s  above those  considered  to be the upper l i m i t  fo r  normal 
d ie ta ry  in ta k e  of t r a c e  m etals  fo r  humans as i s  revea led  in  Table 8 .
Normal a d u lt  d ie t a ry  in ta k e  fo r  chromium i s  observed to be ex­
ceeded from a s im i la r  d ie t  of Lake Eufaula  f i s h  by a f a c to r  of t e n ,  and 
fo r  n ic k e l  by a f a c to r  of 5. Since n ic k e l  and chromium a re  known to be 
carcinogens in  man, a d ie t  o f  f i s h  from these  w aters  i s  f e l t  to pose a 
p o t e n t i a l  h e a l th  hazard to man.
F u r th e r  in sp e c t io n  of Table 8  r e v e a ls  th a t  a lthough s i l v e r  and 
cadmium in  f i s h  muscle are  a t  c o n c en tra t io n s  w ell below th a t  l e v e l  con­
s id e re d  to  be a normal d ie ta ry  in ta k e ,  i t  should be noted th a t  a d ie t  of
T A B L E  8
DIETARY SIGNIFICANCE OF TRACE METAL CONTENT 
OF LAKE EUFAULA FISH
mg of Metal pei 750 g of Dry Daily Diet Comparison of metal intake from 
Lake Eufaula fish relative to 
established normal daily dietary 
metal intakeMetal
Lake Eufaula 
Fish Muscle
Dry Daily 
Normal
Diet (16) 
Toxic Lethal
Cr 0.495 0.05 200 3000 lOx
Ni 2.18 0.3 - 0.5 ----- ----- 5x
Zn 11.25 10 - 15 ----- ----- Ix
Cu 1.58 2 - 5 350 ----- 0. 5x
Fe 6.0 12 - 15 ----- ----- 0. 5x
Ag 0.025 0.06 - 0.08 60 1300 0.33x
Cd 0.080 0.6 3 ----- 0 .14x
l_no\
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lak e  f i s h  can add conside rab ly  to  the t o t a l  body burden of these  m eta ls ,  
and th a t  o th e r  environmental sources may serve  to in c re ase  s i l v e r  and 
cadmium in take  to a l e v e l  exceeding the normal l e v e l  of 0.00008 g fo r  
s i l v e r  and 0.0006 g fo r  cadmium, thereby posing a p o t e n t i a l  h e a l th  haz­
ard to man. Those l e v e l s  observed in  f i s h  fo r  z in c ,  copper and i ro n  are  
not considered to pose h e a l th  hazards to the human.
These w aters  were observed to co n ta in  e x c e p t io n a l ly  high t ra c e  
m etal c oncen tra t ions  r e l a t i v e  to the va lues  observed in  o th e r  major r iv e r  
b a s in s  of North America. This i s  i l l u s t r a t e d  in  Table 9 in  which the 
maximum t ra c e  m etal co n cen tra t io n s  o f  the LNCR mainstream waters a re  com­
pared  w ith  the maximum co n c en tra t io n s  observed over a 2 - y r  period  in  
twelve of the major r i v e r  b as in s  of the U. S . ,  Canada and Alaska.
TABLE 9
TRACE METALS IN WATERS OF LOWER NCR BASIN COMPARED 
TO WATERS OF THE 12 MAJOR RIVER BASINS 
OF NORTH AMERICA
Lower NCR 
Basin Major River Basins o f  USA and Canada
Metal (ug/1) Max. (pg/1) Max. River Basin
Ag 0 -  25 0  - 1 Colorado R . , Arizona
Cr 0 -  125 2 84 M is s is s ip p i  R . , Louisiana
Cu 0 -  500 4 - 105 Susquehanna R . , Maryland
Cd 0 -  35 — -- -------
Fe 0  -  1 2 , 0 0 0 663 - 1,670 M is s is s ip p i  R . , Louisiana
Ni 0  -  660 5 - 71 Hudson R . , New York
Zn 0  820 0  - 140 St. Lawrence R . , Canada
In a l l  cases the LNCR waters  rev ea led  the h ig h e s t  maximum t ra c e  
metal c oncen tra t ions  by f a c to r s  of from 2 to  25 t im es .  This comparison
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takes  on more s ig n i f ic a n c e  when i t  i s  r e a l iz e d  th a t  the  major r iv e r  bas in s  
l i s t e d  d ra in  some o f  the most h ig h ly  i n d u s t r i a l i z e d ,  popu lated  or miner­
a l iz e d  areas  o f  North America. In t h i s  l i g h t ,  i t  i s  alarming th a t  the 
LNCR b a s in  mainstream w aters  were observed to co n ta in  maximum s i l v e r  con­
c e n t r a t io n s  a t  a f a c to r  o f  25 times g re a te r  than was observed in  any o th e r  
b a s in ;  n ic k e l  which was observed a t  9 times g r e a t e r ;  i ro n  a t  8  t im es, 
zinc a t  6  t im es, copper a t  5 t im es ,  and chromium a t  2 times g r e a t e r .  Un­
f o r tu n a te ly  cadmium was no t inc luded  in  Durum's r e p o r t  (49).
Twenty water samples, r e p r e s e n ta t iv e  o f  280 r i v e r  m iles o f  the 
LNCR b a s in  a t  e ig h t  mainstream and lake  s t a t io n s  in c lu d in g  a t  l e a s t  one 
sample from each s t a t i o n  and re p re s e n t in g  samples spanning the Spring, 
Summer and Winter seasons as w e ll  as samples taken uqder vary ing  hydro- 
l o g ic a l  c o n d it io n s ,  were s e le c te d  fo r  t ra c e  element a n a ly s is  by emission 
sp e c tro g ra p h y . This method provided a d i f f e r e n t  a n a ly t i c a l  techn ique , an 
o b je c t iv e  check fo r  v e r i f i c a t i o n  of atomic ab so rp t io n  a n a ly se s ,  a means 
fo r  spec tro g rap h ic  comparison of LNCR waters  w ith  the w aters  o f  the major 
r iv e r  b a s in s  o f  North America, and a d d i t io n a l  in s ig h t  fo r  fu tu re  w ater 
s tu d ie s  in  the LNCR b a s in .
The r e s u l t s  of d u p l ic a t io n  of atomic a b s o rp t io n  ana lyses  on 
i d e n t i c a l  w ater  samples by the D irec t  Reading Emission Spectrograph com­
pared favorab ly  and while d i f f e re n c e s  were noted both  s e t s  of analyses 
were w i th in  the same order  o f  magnitude. This range i s  no t only accep t­
ab le  by em ission s p e c t r o s c o p i s t s , bu t i s  even to be expected among the 
s e v e ra l  sp ec trog raph ic  methods c u r r e n t ly  u t i l i z e d  fo r  t r a c e  element d e te r ­
m ina tions .  Not only was the d e s i re d  v e r i f i c a t i o n  of the atomic abso rp t ion  
an a ly ses  provided by the Federa l Water P o l lu t io n  C ontro l  A dm in is tra tion
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Laboratory a t  C in c in n a t i ,  bu t a lso  the concern over the e x te n t  and degree 
o f  t r a c e  m etal p o l lu t io n  was co rrobo ra ted .  Mr. John F. Kopp, D irec to r  of 
the Metal Analyses Labora to ry , expressed  h i s  concern over the c o n s i s t e n t ly  
h igh c o n cen tra t io n s  o f  t ra c e  element p o l lu t a n t s  in  LNCR w aters  when com­
pared to h i s  a n a ly t i c a l  experience  w ith  s e v e ra l  thousand w ater  samples 
from r iv e r  b as in s  of the  United S ta te s  (50).
Spectrograph ic  da ta  fo r  the  20 w ater  samples a t  v a r io u s  s t a t io n s  
in  the LNCR b a s in  a re  p resen ted  in  Appendix F, Table 47, and a re  compared 
in  Table 48 w ith  maximum co n cen tra t io n s  rep o r ted  by Durum (49) fo r  12 of 
the major r i v e r  b a s in s  o f  the United S t a t e s ,  Canada and Alaska. Inspec­
t io n  of these  ta b le s  fo r  LNCR mainstream and Lake Eufaula w aters  rev ea ls  
a success ion  o f  i n t e r e s t i n g  c o n c e n t ra t io n s ,  ranges and comparisons.
Aluminum co n cen tra t io n s  ranged from 520 ug/1 to 40,000 Ug/1, with 
the h ig h e s t  co n c en tra t io n  observed a t  S ta t io n  VII. Comparison w ith  Durum's 
r e p o r t  (Table 48) in d ic a te s  a c o n c e n t ra t io n  in  the LNCR 16 times g re a te r  
than the maximum reported  fo r  the major r i v e r  bas in s  o f  North America. 
G enera lly , lake  bottom water samples ( taken 2 f t  above the undisturbed  
lake  bottom) contained considerab ly  h ig h er  co n cen tra t io n s  than did  lake  
su rfa c e  samples, as can be observed from Table 47.
Boron ranged from 180 ug/1 in  the lake  to 2,225 ug/1 a t  S ta t io n  
IV, and compares a t  43 times the maximum rep o r ted  from the Colorado River 
in  Arizona during  the  2-yr s tudy .
Barium was observed from 90 ug/1 in  Lake Eufaula su rface  waters  
to a maximum of 625 ug/1 a t  S ta t io n  I I  and re p re se n ts  a maximum concen tra­
t io n  r a t i o  o f  f iv e  times t h a t  rep o r ted  fo r  the Colorado River.
Chromium co n cen tra t io n s  ranged from a minimum of 112 ug/1 in  lake
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w aters  to 500 ug/1 a t  S ta t io n  I I I  and was s ix  times the maximum reported  
fo r  the M is s is s ip p i  R iver in  Louis iana .
The predeterm ined lower l im i t  o f  d e te c t io n  p resc r ib e d  fo r  a 
" se m i-q u a n t i ta t iv e  run" fo r  copper using the em ission spec trog raph , was 
e s ta b l i s h e d  a t  67 yg/1; thus l im it in g  the minimum observable  range of 
copper in  LNCR w a te rs .  The maximum c o n c en tra t io n  o f  730 ug/1 was observed 
a t  S ta t io n  I I I  and was seven times the maximum co n c en tra t io n  rep o r ted  fo r  
the Susquehanna River in  Maryland.
Iron was c o n s i s t e n t ly  high in  LNCR w aters  and ranged from 1 ,5 0 0  
Ug/1 to  beyond the upper spec trog raph ic  l i m i t  e s ta b l i s h e d  a t  1 4 , 0 0 0  Ug/1 .  
The upper l im i t  o r  " c u to f f  concen tra t ion"  was reached a t  s e v e ra l  down­
stream s ta t io n s  and was observed to  be g re a te r  than e ig h t  times the maxi­
mum reported  c o n c en tra t io n  fo r  the M is s is s ip p i  R iver.
Manganese co n c en tra t io n s  ranged from 97 ug/1 in  lake w aters  to 
1,560 ug/1 a t  S ta t io n  IV thus in d ic a t in g  a maximum concen tra t ion  e ig h t  
times t h a t  repo r ted  f o r  the  M iss iss ip p i  R iver. Nickel ranged from a 
minimum d e te c ta b le  co n c en tra t io n  of 130 ug/1 to a maximum o f  550 ug/1 a t  
S ta t io n  I I I ,  and re p re s e n ts  a maximum c o n c en tra t io n  r a t i o  of e ig h t  times 
th a t  repor ted  fo r  the Hudson River in  New York.
Phosphorus c oncen tra t ions  in  LNCR w aters  ranged from a lower 
l im i t  o f  d e te c t io n  of 670 ug/1 to a maximum of 6,925 ug/1 a t  S ta t io n  IV. 
This y ie ld s  a maximum co n c en tra t io n  r a t i o  of 27 when compared to the 
Mackenzie River in  the North West T e r r i to r y ,  Canada. Strontium in  LNCR 
waters ranged from l e s s  than 27 ug/1 to a maximum in  excess o f  6,600 ug/1. 
In spec t ion  of Table 47 rev e a ls  a h igh ly  co ncen tra ted  source of s tron t ium  
apparen tly  e n te r in g  the NCR downstream from S ta t io n  I .  Strontium  was
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observed a t  g r e a te r  than e ig h t  times the maximum repo rted  fo r  the Colorado 
R iv e r .
Zinc co n c en tra t io n s  in  the  LNCR b as in  ranged from le s s  than 130 
yg/1 in  Lake Eufaula su rfa c e  w aters  to 2,500 yg/1 a t  S ta t io n  IV, and i n ­
d ic a te s  a maximum co n c en tra t io n  r a t i o  o f  18 when compared to the values  
r ep o r ted  fo r  the S t. Lawrence River in  Canada.
Other m etals analyzed by emission spectrography  included Ag, Be, 
Cd, Co, Mo, Pb and V, and the r e s u l t s  a re  en te red  on Tables 47 and 48. 
U nfo r tuna te ly ,  the lower l im i t s  o f  d e te c t io n  predeterm ined fo r  each of 
these  m etals were e s ta b l i s h e d  a t  u n r e a l i s t i c a l l y  h igh c u t - o f f  concen tra ­
t io n s  fo r  environmental w a te rs ,  thereby l im i t in g  f u r th e r  meaningful com­
p a r is o n s .
S p ec tro g rap h ica l ly  speaking, and w ithout e x cep t io n ,  the b e s t  
q u a l i ty  of water was found a t  S ta t io n  I ,  the c o n tro l  s t a t i o n  loca ted  up­
stream  from Oklahoma C ity . With the exceptions  o f  i r o n  a t  s e v e ra l  down­
stream  s ta t io n s  and o f  aluminum a t  S ta t io n  VII, S ta t io n s  I I ,  I I I  and IV 
produced waters  bea ring  the maximum co n cen tra t io n s  o f  a l l  t r a c e  elements 
observed a t  mainstream s t a t i o n s  during the s tudy .
Spectrographic  comparison of waters  o f  the Lower North Canadian 
R iver b as in  with 12 of the major r i v e r  bas in s  of North America rev ea ls  
t h a t ,  w ithout excep tion , the  North Canadian River o f  Oklahoma contained 
g r e a t e r  maximum c o n cen tra t io n s  of m e ta ls ,  n u t r i e n t s  and o th e r  t race  
elements than any North American r i v e r  b as in  repo r ted  by Durum.
P o ss ib le  reasons fo r  the e x is t in g  high co n c en tra t io n s  observed 
downstream from Oklahoma C ity  might inc lude :  n a tu r a l  m ine ra log ica l  con­
t r i b u t io n s  from g e o lo g ic a l  form ations w ith in  the d ra inage  b a s in ;  c e r t a in
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p e c u l i a r  uses o f  w ater  in  i n d u s t r i a l  ope ra t ions  in  Oklahoma; maximum 
u t i l i z a t i o n  o f  a l im ite d  w ater  re so u rc e ,  thus causing a buildup  o f  r e s i d ­
u a l  p o l lu t a n t s ;  minimum d i l u t i o n  o f  waste w aters  due to  a l im ite d  water 
resource  a v a i la b le  fo r  d i l u t i o n  purposes; and inadequate  t rea tm en t of in ­
d u s t r i a l  and municipal wastes p r i o r  to d ischarge  o f  the  waste e f f l u e n t  to 
the North Canadian River.
These a re  extremely high co n cen tra t io n s  to be expected in  e n v ir ­
onmental w aters  due to n a tu r a l  g e o lo g ic a l  or v e g e ta t iv e  co n c en tra t in g  
mechanisms; consequen tly , t h i s  p la c e s  the burden o f  r e s p o n s i b i l i t y  fo r  
the gross defi lem ent of t h i s  n a tu r a l  resource  p r im a r i ly  upon i n d u s t r i a l  
and m unicipal p o l lu t e r s .  Regardless of how "ex p la in ab le"  th ese  high 
p o l lu t io n  va lues  might be ,  no degree of r a t i o n a l i z a t i o n  can am elio ra te  
t h e i r  e f f e c t s  or t o x i c i t y ,  nor does i t  i n f e r  t o l e r a t i o n  o r  acceptance .
Thus, the impact of t r a c e  m etals  added to the r e l a t i v e l y  high 
q u a l i ty  LNCR w aters  by i n d u s t r i a l  and municipal wastes has been observed 
to degrade the q u a l i ty  and l im i t  the u t i l i t y  o f  t h i s  v i t a l  n a tu r a l  r e ­
source . Since r e s id u a l  p o l lu t a n t s  a re  one of the primary l im i t in g  fac ­
to r s  to be considered  in  a s se s s in g  the q u a l i ty  o f  any w ater  resource  fo r  
m u lt i -u se  o r  re -u se  a p p l i c a t io n s —the b e n e f i c i a l  use o f  t h i s  v i t a l  r e ­
source could be maximized by p r o te c t iv e  con tro l  measures taken a t  the 
source o r  p o in t  o f  genera tion  of t r a c e  metal w as tes ,  thus p reven ting  
t h e i r  e n try  in to  n a tu r a l  w ater cou rses .
A dd it iona l  param eters  o f  w ater  q u a l i ty  observed throughout the 
t r a c e  m etal s tudy , and considered  to be of g re a t  importance in  an env iron­
mental w ater  i n v e s t ig a t io n  a re  inc luded  in  Table 10. More d e ta i le d  data  
are  inc luded  in  Tables 19 through 26, Appendix B.
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TABLE 10
ADDITIONAL PARAMETERS OF LOWER NCR WATER QUALITY
Ranges 0 Dserved At
Parameter I I I I I I IV
Temp (°C) 5 -  30 2 35 6 - 3 4 6 - 3 4
pH 6. 5 -  7.5 6.4 -  7. 8 5. 8 -  7.4 6 . 6  -  7.5
DO (mg/1 ) 6  -  19 7 16 3 -  9 1  " 8
BOD (mg/1 ) 0 -  7 6 38 8 - 2 5 8 - 2 8
Cl (mg/1 ) 130 -  188 346 -  1,967 401 -  830 386 -  607
NO (mg/1 ) 0  -  0 . 6 0 -  2.5 0.6 -  7.0 0.4 -  4 .0
(mg/1 ) 0 . 2  -  1 0.5 -  2.9 8 - 3 6 14 -  36
Na (mg/1 ) —-- ---- ---- ----
Aik (mg/1 ) 138 -  203 134 -  313 153 -  217 177 -  220
HCO3 (mg/1 ) —-- ----
---- ------
CO3 (mg/1 ) ---- ---- ---- ----
SO4 (mg/1 )
---- ---- ---- ----
DS (mg/1 ) ---- ---- ----
Hardness (mg/1 ) ---- ---- ---- ----
Spec. Cond. (p mhos) —-- ---— ---- ----
Streamflow (MGD) 0.8 -  5.6 0 . 8 -  5.4 0.8 -  5 0.7 -  5
Waste water 
Input 
(E s t .  Avg)
(MGD) 0 5 30 40
TOTALS
Streamflow
(MGD) 0.8  -  5.6 5.8 -  10.4 30.8 -  35 41 -  45
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TABLE 10—Continued
Mainstream S ta t io n s Range, A ll  Main­
V VI VII V III stream  S ta t io n s
4 - 28 4 - 31 5 31 4 30 2 -  35
5.5 - 7.5 5.5 - 7.5 6 . 0 -  7.0 5.5 -  7.8 5.5 -  7.8
4 - 1 2 5 - 13 7 14 6 14 1 -  19 
0  -  6 8  
6  -  1,96792 - 500 92 - 500 6 -  500 2 1 0 -  500
0 . 6  - 18 0 . 6  - 2 0 0 27 0 . 6 18 0 -  27
0.4  - 13 0.4 - 14 0.3 14 0.4 13 0.2 -  36
54 - 287 54 - 287 2 1 -  280 114 28 21 -  287
---- ---- --- --- 134 -  313
132 - 260 168 - 260 64 -  192 90 -  260 64 -  260
0  - 14 0  - 14 0 2 0 0 1 2 0  -  2 0
18 - 118 18 - 118 38 -  1 0 0 38 -  118 18 -  118
289 -  1 ,220 289 -  1, 2 2 0 611 -  6,360 599 -  6,360 289 -  6,360
198 - 396 296 - 396 6 8 -  306 168 -  396 6 8  -  396
496 -  2 , 1 2 0 496 -  2 , 1 2 0 235 -  1,980 973 -  2 , 0 2 0 235 -  2,120
43 45 50 50 0 -  50
1 9 - 1 ,260 22 - 853 34 -  301 37 -  384 1  -  1,260
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The importance of w ater  tem peratures in  any p o l lu t io n  study i s  
d i r e c t l y  r e l a te d  to the e f f e c t  ex e r ted  on the t o t a l  a q u a t ic  system due to 
the  change produced by a waste i n f lu e n t  on the ambient w ater  tem perature . 
The t o x i c i t i e s  o f  t ra c e  m etals  to  a q u a t ic  organisms and f i s h  a re  increased  
a t  h igher  tem peratures thereby  e x h ib i t in g  a s y n e r g i s t i c  e f f e c t  due to 
tem pera tu re . E levated w ater tem pera tures  in c re ase  the r a t e  of decomposi­
t io n  o f  stream  bottom sludge causing  increased  form ation  of sludge gas, 
increased  m u l t ip l ic a t io n  of sap rophy tic  b a c te r i a  and fungi in  organic  
w as tes ,  increased  oxygen consumption by p u t r e f a c t io n  p ro c e s se s ,  a lowering 
of the d isso lv e d  oxygen co n c en tra t io n  o f  the s tream , and th u s ,  c o l l e c ­
t i v e ly  a f f e c t in g  the e s th e t i c  va lue  of the w ater.
Temperature extremes observed during the  t r a c e  m etal study ranged
from 2 to 35® C and occurred a t  S ta t io n  I I  in  an open, u n she lte red  a rea  
of the r i v e r  between Lake Overholser and N.E. 4 th  S t r e e t .  Lake w aters  a t  
S ta t io n  V III  having a depth o f  17 f e e t  were somewhat tempered and showed 
extremes o f  4 to 30® C, and w aters  to a depth of 42 f t  revea led  no thermo-
c l in e  in  the  NCR arm o f  Lake Eufaula during the s tudy . A ll  values ob­
served  throughout the study were w ith in  the range a t t r i b u t a b l e  to env iron­
mental c o n d it io n s ;  consequen tly , the NCR was observed to be r e l a t i v e l y  
f re e  of thermal p o l lu t io n .
pH i s  no t only a measure of a p o t e n t i a l  p o l l u t a n t ,  bu t  a lso  a 
major f a c to r  a f f e c t in g  the s o l u b i l i t y  of p r a c t i c a l l y  a l l  s o lu t e s ,  e sp e c i ­
a l l y  t ra c e  m eta ls .  Often u n d isso c ia te d  compounds a re  more to x ic  than 
io n ic  forms, which i s  exem plified  by ammonia. The t o x i c i t y  o f  n ick e l  
cyanide to f i s h  has been shown to in c re ase  1 , 0 0 0 - fo ld  by dec reas ing  the 
pH from 8 .0  to 6 .5 .  pH l e v e l s  observed in  the Lower NCR mainstream
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ranged between 5.5 and 7 .8 .  Three o f  the downstream s t a t i o n s  had the 
low of 5 .5  and S ta t io n s  I I  and V III  had the  high of 7 .8 .  Lake bottom 
w ater  a t  a depth o f  42 f e e t  had a pH o f  6 .5 .  The lowest pH values  
occurred  during  times o f  heavy r a i n f a l l  and high w a te r .  The range o f  pH 
observed throughout t h i s  study v a r ie d  from n e u t r a l  to a c id ,  thus tending 
to  m ain ta in  s o l u b i l i t y  o f  most of the m e ta l l i c  p o l lu t a n t s .
D issolved oxygen (DO) can cause problems in  water i f  the  concen­
t r a t i o n  i s  e i t h e r  too high o r  too low. Oxygen requirem ents o f  the f i s h  
vary  w ith  the s p e c ie s ,  a c t i v i t y ,  age, tem perature  o f  the w a te r ,  concen­
t r a t i o n s  o f  o th e r  substances  in  the  w ater  and s e v e ra l  o th e r  f a c t o r s .  De­
creased  DO causes a s y n e r g i s t i c  e f f e c t  by in c re as in g  the t o x i c i t y  o f  m etals 
such as Zn, Pb, Ni, Cu, Or, Cd, Ag and o th e r  to x ic  su b s tances .  Fish appear
to do well w ith  as l i t t l e  as 5 mg/1 o f  DO, but l e s s  than 2 mg/1 i s  l e t h a l
fo r  most f i s h .  Lower NCR w aters  provided a range o f  DO co n c en tra t io n s  of 
1 mg/1 a t  S ta t io n  IV to 19 mg/1 a t  S ta t io n  I .  In te rm ed ia te  low concen­
t r a t i o n s  o f  3 mg/1 were observed a t  S ta t io n  I I I  below the waste trea tm ent 
p la n t  and 4 mg/l a t  S ta t io n  V below Shawnee. Lake Eufaula had a range of 
6  to  14 mg/l a t  S ta t io n  V III ,  and fo r  bottom waters  a t  42 f t  the observed 
DO c o n c e n t ra t io n  was 5 m g/l. I t  appears th a t  the t rea tm en t provided fo r  
Oklahoma C ity  m unicipal wastes i s  u s u a l ly  adequate, but the minimum DO 
c o n c en tra t io n s  observed fo r  S ta t io n s  I I I ,  IV, V and VI, which a re  loca ted  
immediately downstream from major waste e f f l u e n t s  and which inc lude  
approxim ately  50 MGD of waste w ater  in pu t  to a stream  which has an approx i­
mate 8 -mo d a i ly  average flow o f  2 MGD, rev e a ls  DO c o n c en tra t io n s  o f  3, 1,
4, and 5 mg/l r e s p e c t iv e ly .  I t  i s  no t  u n t i l  S ta t io n  VII below Weleetka 
t h a t  the minimum DO co n c en tra t io n  re tu rn s  to 7 mg/l. O ccasiona lly  high
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volumes of runoff  from ra in s  or snows, or low q u a l i ty  waters  which are  
r e le a se d  o r  allowed to bypass Lake Overholser and Lake Hefner se rve  to 
f lu sh  the channel, bu t  t h i s  i s  the excep tion  r a t h e r  than the r u le .  With 
a d a i ly  r a t i o  of 50 MGD o f  waste water inpu t  in to  2 MGD s treamflow fo r  
approximately 8  mo o f  the year of t h i s  s tudy , a r a t i o  of 23:1 i s  observed 
as a r e a l i s t i c  f ig u re  of waste input to  s treamflow. Thus, i t  i s  no t  s u r ­
p r i s in g  th a t  the minimum DO con ten t o f  the NCR plunges from 7 mg/l a t  
S ta t io n  I I  to 3 mg/l a t  S ta t io n  I I I  and 1 mg/l a t  S ta t io n  IV below the 
combined e f f lu e n t s  o f  Oklahoma C ity ,  Midwest C ity ,  Del C ity ,  Spencer and 
Tinker A ir Force Base.
The m ajo r i ty  o f  f i s h  k i l l s  rep o r ted  in  the United S ta te s  a re  due 
to the reduc t ion  of the DO con ten t o f  the w ater r e s u l t i n g ,  p r im a r i ly ,  from 
p o l lu t io n  with municipal sewage. Low DO may be d i r e c t l y  l e t h a l  to f i s h  
or cause s y n e rg i s t i c  e f f e c t s  which func t ion  to in c rease  the t o x i c i t y  of 
l e s s  to x ic  substances p re se n t  in  the water and r e s u l t  in  massive f i s h  
k i l l s .  However, i t  i s  be lieved  th a t  the f i s h  k i l l  observed during t h i s  
in v e s t ig a t io n  should be a t t r i b u t e d  to environm ental f a c to r s  o th e r  than a 
lack  of DO e s p e c ia l ly  s in c e  the on-going f i s h  k i l l  observed a t  Lake Eufaula 
was a sso c ia te d  with a DO con ten t of 8  m g /l ,  both a t  the  su rface  and a t  a 
bottom depth of 17 f t .  S u rp r is in g ly ,  in  1965 Oklahoma was r a te d  in  the 
top th re e  s t a t e s  of the n a t io n  fo r  the rep o r ted  numbers o f  f i s h  k i l l e d  due 
to water p o l lu t io n ,  being led  only by two h igh ly  popula ted , h igh ly  indus­
t r i a l i z e d  n o r th e a s te rn  s t a t e s  (51). The range of DO observed throughout 
t h i s  study in d ic a te s  t h a t  co n d it io n s  e x is te d  o c c as io n a l ly  which are  known 
to be d i r e c t l y  o r  i n d i r e c t ly  d e tr im en ta l  to  aq u a t ic  l i f e ,  o r  o therw ise  de­
grade the q u a l i ty  of the resou rce ,  and such c o nd it ions  are  presumed to be
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the  r e s u l t  of  high volume organic  wastes added to low volume stream 
w a te r s .
Biochemical oxygen demand (BOD) measures the e f f e c t  and n o t  the 
concen tra t ion  o f  a combination of substances  and c o n d it io n s .  I t  i s  r e ­
l a t e d  to the decrease o f  DO in  w ater  r e l a t i v e  to  the q u a n t i t i e s  o f  o rgan ic  
m a t te r  p re se n t .  Each stream  and body o f  w ater  has i t s  own re a e ra t io n  
c h a r a c t e r i s t i c s .  A l a r g e ,  slow moving, warm-water r i v e r  may be incapab le  
o f  a e ro b ic a l ly  biodegrading the q u a n t i t i e s  o f  domestic or o th e r  organic  
waste e f f lu e n t s  d ischarged  in to  i t ,  thus producing decreased  DO concen tra ­
t io n s ,  s e p t i c i t y  and in c reased  growth o f  sap rophy tic  b a c te r i a  which i n ­
creases  t u r b id i ty  or o th e r  u n d es irab le  c h a r a c t e r i s t i c s  o f  stream and lake 
w a te rs ,  which in  tu rn  produce f i s h  k i l l s  and a decrease  in  the numbers o f  
sp ec ie s  and a l im i t a t i o n  to  the  genera l  u t i l i t y  o f  the water re sou rce .
The ranges of BOD fo r  the upstream s ta t io n s  above Shawnee include 0 mg/l 
fo r  S ta t io n  I  to 6 8  mg/l a t  S ta t io n  I I .  This high measure was observed 
upstream from the  major waste inpu t from the Southside Sewage Treatment 
P la n t  lo ca ted  between S ta t io n s  I I  and I I I  and se rves  as an in d ic a t io n  of 
un trea ted  organic  waste d ischarge  e n te r in g  the NCR between S ta t io n s  I  and 
I I ,  p o ss ib ly  from the southw estern  or s o u th -c e n t r a l  s e c t io n  o f  lower 
Oklahoma C ity .  The streamflow between these  s t a t i o n s  i s  r e l a t i v e ly  s w i f t ,  
open to r e a e ra t io n  and revea led  a minimum DO con ten t o f  7 mg/l and a maxi­
mum of 16 mg/l. This s t r e t c h  of stream  appears to have r e a e r a t io n  charac ­
t e r i s t i c s  capable o f  b iodegrad ing  the o rgan ic  load c a r r ie d  a t  the time 
w ater  samples were taken . The minimum BOD noted a t  S ta t io n  I I  was 6  mg/l. 
The minimum BOD of 8  mg/l was observed a t  S ta t io n s  I I I  and IV and maximum 
values  a t  these  s t a t i o n s  were 25 and 28 mg/l. BOD values  were not
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determined f o r  S ta t io n  V a t  Shawnee or o th e r  downstream s t a t i o n s  but the 
minimum DO r e la t io n s h ip  i n d ic a te s  t h a t  continuous BODs from 8  to 6 8  mg/l 
a t  S ta t io n s  I I ,  I I I  and IV ex e r ted  an inc reased  oxygen demand on the down­
stream  w aters  which was observed p a s t  S ta t io n s  V and VI. Consequently, 
recovery  to  a minimum DO co n c en tra t io n  o f  7 mg/l was no t noted u n t i l  S ta ­
t io n  VII which was loca ted  in  the lower 100 mi o f  the Lower NCR b a s in .
Chlorides  (Cl) a re  among the most troublesome anions in  i r r i g a ­
t io n  w aters  and a re  g e n e ra l ly  more to x ic  than a re  s u l f a t e s  to most p l a n t s .  
Harmful e f f e c t s  are  noted a t  c h lo r id e  l e v e l s  of 100 to 1,500 m g/l. USPHS 
l im i t s  of 250 mg/l have t a s t e  im p l ic a t io n s  r a th e r  than h e a l th  e f f e c t s ,  
and the  World Health O rgan iza tion  l im i t s  a re  shown to be 600 m g/l. A 
genera l  guide fo r  the  b e n e f i c i a l  use o f  w aters  inc ludes  maximum ch lo r ide  
co n c en tra t io n s  o f  250 mg/l f o r  domestic supp ly , about 50 mg/l f o r  indus­
t r i a l  w a te rs ,  100 mg/l fo r  i r r i g a t i o n  w aters  and 1,500 mg/l f o r  l iv e s to c k  
and w i l d l i f e .  The range o f  c h lo r id e  c o n c en tra t io n s  in  lower NCR waters  
was observed from 6  mg/l to 1,967 mg/l w ith  the minimum observed a t  S ta ­
t io n  VII during a pe riod  of very high runo ff  fo llow ing s e v e ra l  days of 
heavy r a in .  The h ig h es t  value was observed a t  S ta t io n  I I  during normal 
flow fo r  t h a t  s t a t i o n .  Upstream c h lo r id e s  a t  S ta t io n  I  inc luded  a range 
of 130 to 188 mg/l in d ic a t in g  th a t  the upper reaches o f  the lower NCR 
c o n s i s t e n t ly  provided w aters  o f  the h ig h e s t  q u a l i ty  observed throughout 
the study and lends support to s ta tem en ts  made p rev io u s ly  concerning the 
r e l a t i v e l y  high q u a l i ty  o f  NCR w aters  p r i o r  to the a d d i t io n  of i n d u s t r i a l  
and m unicipal waste e f f l u e n t s .  A continuous source of c h lo r id e  p o l lu t io n  
i s  observed throughout the  study between S ta t io n s  I and I I .  Municipal 
and i n d u s t r i a l  waste e f f l u e n t s  are  observed to add high volumes of c h lo r id e
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contam inated w aters  to  the NCR as observed a t  S ta t io n  I I I ,  which c o n s is ­
t e n t ly  ranged between 401 and 830 m g/l. The maximum c o n c en tra t io n  observed 
a t  a l l  four downstream s ta t io n s  was 500 m g/l, and the minimum value  r e ­
corded fo r  S ta t io n  V l l l  w aters  was 210 m g/l. Such mainstream values  a t  
the  downstream s ta t i o n s  rev e a l  t h a t  c h lo r id es  a re  p e r s i s t e n t  p o l lu t a n t s  
and th a t  c h lo r id e  contaminated wastes of approxim ately 50 MGD a l t e r  the 
q u a l i ty  o f  n a tu r a l  waters  s i g n i f i c a n t l y .  Yet w aters  of the NCR b a s in  are  
s t i l l  of  r e l a t i v e l y  high q u a l i ty  w ith  r e s p e c t  to c h lo r id es  in  comparison 
w ith  w aters  of those bas in s  to the no r th  and south which d ra in  a re a s  o f  
n a tu r a l  s a l t  ou tc rops .
N i t r a t e s  (NO^) re p re s e n t  the  end product o f  ae rob ic  s t a b i l i z a ­
t io n  o f  o rgan ic  n i t ro g e n  from waste o rgan ic  m a te r ia l  and a re  found to 
occur in  p o l lu te d  waters  which have undergone ae ro b ic  waste t rea tm en t 
p rocesses  o r  s e l f - p u r i f i c a t i o n  in  s tream  w a te r s . N i t r a t e s  are  r a r e ly  
added to  environm ental s tream  waters  by n a tu r a l  rock d i s i n t e g r a t i o n  pro­
cesses  or from ino rgan ic  i n d u s t r i a l  w as tes .  Excessive a p p l i c a t io n  of 
f e r t i l i z e r  to f i e l d  crops r e s u l t s  in  n i t r a t e s  in  p e rc o la t in g  ground w a te rs ,  
and waste e f f l u e n t s  from chemical f e r t i l i z e r  i n d u s t r i e s  a re  found to in ­
crease  the co n c en tra t io n s  o f  n i t r a t e s  found in  n a tu r a l  w a te rs .  N i t r a te s  
are  seldom found in  high co n cen tra t io n s  in  n a tu r a l  w aters  because they 
are  consumed as a major n u t r i e n t  fo r  a l l  p la n ts  inc lud ing  phytoplankton 
and t r e e s .  The USPHS has p laced the upper l im i t  of 45 mg/l fo r  domestic 
water s u p p l ie s  due to the r e l a t i o n s h ip  o f  n i t r a t e s  in  water w ith  the d i s ­
ease i n f a n t  methemoglobinemia. Fish p roduction  i s  enhanced from high 
co n c en tra t io n s  of n i t r a t e s  from waste e f f l u e n t s  due to inc reased  growth 
of f i s h  food organisms such as p lank ton  and weeds—which a lso  h as ten
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e u tro p h ic a t io n .  N i t r a t e  concen tra t ions  observed in  lower NCR waters 
ranged from 0 to 27 mg/l with the minimum s t a t i o n  range being expressed 
as 0 to 0.6 mg/l a t  S ta t io n  I and the maximum range observed from 0 to 27 
mg/l a t  S ta t io n  VII. Minimum observed co n c en tra t io n s  o f  0 mg/l were ex­
pressed  a t  S ta t io n s  I ,  I I  and VII, with the a d d i t io n a l  s t a t io n s  having 
l e s s  than 1 mg/l as minimum c o n c e n t ra t io n s .  The high co n c en tra t io n  of 
27 mg/l which was lo ca ted  upstream from the Wewoka Creek t r i b u ta r y  i n d i ­
ca te s  the maximum c oncen tra t ions  observed a re  from the NCR mainstream 
watershed and a ppa ren tly  o r ig in a te d  between Shawnee and the C a s t le -  
Bearden-Wetumka a re a .  This i s  a h igher  c o n c e n tra t io n  than was observed 
below the Oklahoma C ity  major waste sources which ex h ib i ted  maximum con­
c e n t r a t io n s  of only 4 and 7 m g/l. Thus, co n cen tra t io n s  o f  18 and 20 mg/l 
a t  s t a t io n s  below Shawnee and near  the Castle-Bearden-Wetumka area  appear 
suggestive  of a g r i c u l t u r a l  crop f e r t i l i z e r  a p p l ic a t io n s  o r  commercial beef 
c a t t l e  feed l o t  o p e ra t io n s .  The n u t r i e n t  va lue  of n i t r a t e s  a t  these  con­
c e n t r a t io n s  in d ic a te s  a p o t e n t i a l  hazard fo r  these  w aters e n te r in g  Lake 
Eufaula s ince  t h i s  r e s id u a l  p o l lu ta n t  has the  p o t e n t i a l  fo r  causing an 
a lg a l  bloom and the myriad o f  a sso c ia te d  problems in  th a t  i t  appears to 
have approximately 1 0 0  times the c o n c en tra t io n  fo r  which a lg a l  blooms are  
known to occur.
Phosphates (PO^) are  r e l a t i v e l y  so lu b le  in  water and occur in  
su rface  or groundwaters as a r e s u l t  of leach ing  from m inerals  o r  o res  in  
n a tu ra l  p rocesses ,  from a g r i c u l t u r a l  d ra in a g e ,  as a s ta b l iz e d  p roduct of 
decomposition of o rgan ic  m a t te r ,  from i n d u s t r i a l  wastes and from m unicipal 
sewage due to the increased  use o f  s y n th e t ic  d e te rg e n ts .  Phosphates are 
ra re  in  su rface  w aters  because they a c t  as a f e r t i l i z e r  fo r  p la n ts  which
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transform  phosphates In to  c e l l  growth by p h o to sy n th e s is .  High concen tra ­
t io n s  in  groundwaters are  the  r e s u l t  of excess ive  f e r t i l i z e r  a p p l ic a t io n s  
to  a g r i c u l t u r a l  crops and from nearby commercial beef  c a t t l e  fe e d lo t  opera­
t io n s .  Phosphates b u f fe r  the  ac ids  o f  the stomach and a re  de tr im e n ta l  to 
d ig e s t io n .  I r r i g a t i o n  w aters  a re  b e n e f i t t e d  by phosphates because they i n ­
crease  the  pe rm eab il i ty  of the  s o i l  and a c t  as f e r t i l i z e r  to  p l a n t s .  Ex­
c e ss iv e  d ischarges  of phosphates and n i t r a t e s  to streams and lak es  promote 
a lg a l  blooms which u l t im a te ly  d ie  and thus r e s u l t  in  unp leasan t odors , im­
pose a d d i t io n a l  BOD loads on the w a te r ,  decrease the  DO con ten t and th e r e ­
by become d e tr im en ta l  to f i s h ,  and some may be d i r e c t l y  to x ic  to many forms 
o f  animal l i f e .  Phosphates can a lso  be b e n e f i c i a l  to  f i s h  l i f e  due to the 
inc reased  plankton growth which serve as f i s h  food organisms. The average 
co n c en tra t io n  of phosphates in  w aters  o f  the Columbia River have doubled 
s in ce  the i n i t i a t i o n  of the Basin I r r i g a t i o n  P r o je c t ,  p o s s ib ly  due to the 
a p p l ic a t io n  of f e r t i l i z e r  to  the crops under i r r i g a t i o n .  Phosphates in  
the  lower NCR waters  are  observed to range from 0 .2  to 1 mg/l a t  S ta t io n  
I  to  the maximum ranges observed a t  S ta t io n s  I I I  and IV c o n s is t in g  of 8 
to 36 mg/I, and 14 to  36 m g/l ,  r e s p e c t iv e ly .  The high volume of munici­
p a l  and i n d u s t r i a l  waste inflow  a t  these  two s t a t i o n s  r e v e a ls  minimum 
c o n cen tra t io n s  o f  8 and 14 mg/l which in d ic a te s  a cons tan t  source of 
phosphates added on a year-round b a s is  to lower NCR w a te rs .  Downstream 
s t a t i o n s  had r e l a t i v e l y  c o n s is te n t  maximum co n c en tra t io n s  o f  14 mg/l and 
minimum concen tra t ions  of 0 .4  mg/l. Thus, h igh ly  concen tra ted  phosphate 
wastes added to upstream w aters  are  observed to remain in  r e l a t i v e l y  
high concen tra t ions  throughout the downriver course  and in to  Lake Eufaula . 
I t  i s  known th a t  a lg a l  blooms and o th e r  d e tr im e n ta l  eu troph ic  e f f e c t s  have
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been produced a t  much lower phosphate co n cen tra t io n s  and th a t  the con­
c e n t r a t io n s  observed f o r  w aters  o f  the  lower NCR b a s in  have n e a r ly  100 
times the phosphate co n c en tra t io n  req u ired  f o r  a lg a l  blooms.
Other f a c to rs  th a t  may a l t e r  the e f f e c t s  of r e s id u a l  p o l l u t a n t s , 
e s p e c i a l l y  t r a c e  m eta ls ,  inc lude  a l k a l i n i t y ,  t o t a l  d isso lv e d  s o l id s  and 
r e l a t e d  param eters .  A lk a l in i ty  (Aik), s p e c i f i c a l l y  carbonate  (CO^) and 
b ica rb o n a te  (HCO^) a c t  as b u f fe r in g  agen ts  a g a in s t  sudden changes in  pH, 
and the co n cen tra t io n s  observed serve  to p r o te c t  a q u a tic  organisms from 
the harmful e f f e c t s  of rap id  f lu c tu a t io n  o f  pH l e v e l s ,  bu t a d d i t io n a l ly  
c o n t r ib u te  to the  t o t a l  d isso lved  load o f  substances  c a r r ie d  by lower 
NCR w a te rs .  The d isso lved  s o l id s  (DS) c o n s is t  mainly o f  CO^, HCO ,^ Cl, 
SO^, PO  ^ and NO^, and t ra c e  m etals  such as  Fe, Ni, Zn, Cu, Ag, Cd and 
Cr and o th e r  subs tances ,  and i s  in c reased  by chemical waste i n f l u e n t s ,  
o i lw e l l  b r in e s ,  i r r i g a t i o n  d ra in ag e ,  a c id s ,  a l k a l i e s ,  and wash-ins from 
su rfa c e  ru n o ff  during periods  o f  heavy r a i n f a l l .  A ll  s a l t s  in  s o lu t io n  
e f f e c t i v e l y  change the chemical and p h y s ic a l  n a tu re  o f  the  w ater  and 
can e x e r t  harmful osmotic p re s su re  on a q u a tic  organisms. I n te r a c t io n s  
between these  mixed s a l t s  and t h e i r  e f f e c t s  toward o th e r  to x ic  substances  
may be e i t h e r  of a s y n e rg i s t i c  o r  a n ta g o n is t ic  n a tu re .  Antagonism i s  
g e n e ra l ly  noted by the decrease  in  t o x i c i t y  o f  tox ic  m eta ls  towards 
a q u a t ic  organisms. S p e c if ic  conductance (SC) i s  a measure o f  the e l e c t r i ­
ca l  c o n d u c tiv i ty  o f  a w ater due to the ion c o n c en tra t io n  and r e l a t e s  d i ­
r e c t l y  to the d isso lved  s o l id s  c o n c e n t ra t io n .  Those w aters  observed to 
be h igh in  m ineral s a l t s  may be suspected  of p o l lu t io n  by b r in e s  and 
v a r ious  chemical w astes .
Thus, these  a d d i t io n a l  param eters  o f  w ater  q u a l i t y ,  in  r e l a t i o n
74
to t r a c e  m eta ls ,  a re  observed to have t h e i r  own e f f e c t  and in t e r a c t io n  
w i th in  the medium which may a f f e c t  l iv in g  organisms. Some may be d i ­
r e c t ly  or i n d i r e c t ly  to x ic ,  o r  may a c t  s y n e r g i s t i c a l l y  or a n ta g o n i s t i ­
c a l ly  towards the e f f e c t s  o f  o th e r  tox ic  s u b s ta n c e s ,  o r  they may e f f e c t  
the b e n e f i c i a l  use o f  the w ater  resource  as i t  p e r t a in s  to man, f i s h ,  
a q u a tic  organisms, r e c r e a t io n ,  l iv e s to c k ,  w i l d l i f e ,  i r r i g a t i o n ,  in d u s t ry ,  
m u n ic ip a l i t i e s  and e s t h e t i c s .
CHAPTER VI 
SUMMARY AND CONCLUSION
This i n v e s t ig a t io n  was concerned w ith  t r a c e  m etal p o l lu t io n  in  
the  North Canadian R iver ,  i t s  p r in c ip a l  t r i b u t a r i e s  and i t s  terminus -  
Lake Eufaula . Water sampling s i t e s  along the 280 r i v e r  m iles o f  the 
Lower NCR Basin from above Oklahoma C ity  to Lake Eufaula  included  e ig h t  
mainstream s t a t i o n s ,  e ig h t  t r i b u ta r y  stream  s t a t i o n s  and fou r  lake  s t a ­
t io n s  contained w ith in  14 m iles  of the NCR arm o f  Lake Eufaula and in ­
clude samples covering the f u l l  range o f  seasona l v a r i a t i o n s .  Atomic 
a b so rp t io n  spectroscopy provided the primary means o f  t ra c e  m etal analy­
s i s  fo r  Ag, Cd, Cr, Ni, Cu, Zn and Fe, with  em ission spectrography p ro ­
v id in g  d u p l ic a te  and a d d i t io n a l  param eters  fo r  a t o t a l  o f  18 t ra c e  e l e ­
ments. A ddit iona l  chem ical, p h y s ica l  and biochem ical analyses  were c o r ­
r e l a t e d  with t ra c e  m etal ana lyses  to inc lude  15 o th e r  param eters of en­
vironm ental water q u a l i ty  such as pH and DO, which were inco rpora ted  
w ith  hy d ro lo g ica l  and waste flow d a ta .  In  a d d i t io n  to the water samples, 
p o r t io n s  o f  the a q u a tic  ecosystem were sampled, inc lud ing  43 genera of 
phy to-  and zooplankton, v e r t i c a l  lake  bottom sediment cores and 5 spec ies  
o f  lake  f i s h ,  a l l  of  which were analyzed fo r  the same seven m etals ob­
served  in  the w ater.
Based on the r e s u l t s  o f  the various  a n a ly t i c a l  de term inations  
made during  t h i s  i n v e s t ig a t io n ,  the fo llow ing  conc lus ions  have been
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drawn:
1. C e r ta in  t ra c e  m etal p o l lu t a n t s  have been and, a t  t h i s  w r i t in g ,  
a re  continuing  to be added to the North Canadian River from i n ­
d u s t r i a l  and municipal sources  lo ca ted  p r im a r i ly  in  the  Oklahoma 
C ity  a rea .  In f a c t ,  the maximum co n c en tra t io n  of t r a c e  element 
p o l lu t a n t s  observed in  t h i s  r i v e r  g r e a t ly  exceeded those reported  
fo r  the major r i v e r  b a s in s  in  North America.
2. During t h i s  s tudy , t h i s  p o l lu t io n  was p r im a r i ly  in  the  form of 
t r i b u t a r y  "s lugs"  of t r a c e  m eta l-bear ing  wastes which occurred 
i n te r m i t t e n t l y  and were d i lu te d  by mainstream flow s; i n  s p i t e
of t h i s ,  c oncen tra t ions  were s t i l l  observable  a t  va lues  s i g n i f i ­
cant with re sp e c t  to human and a q u a tic  l i f e  t o x i c i t y .
3. Even when de te c te d  a t  c o n c en tra t io n s  below the c u r re n t  le v e ls  of 
concern with re sp e c t  to d i r e c t  t o x i c i t y ,  t ra c e  m eta ls  were found 
to be concen tra ted  to s ig n i f i c a n t  l e v e ls  in  the  a q u a t ic  env iron­
ment w i th in  the p lank ton ic  f i s h  food chain organisms, in  lake 
bottom sedim ents, and in  the  g a s t r o i n t e s t i n a l  t r a c t  and t i s s u e s
o f  lakew ater f i s h  to l e v e l s  above those observed in  the w a te r ,  and 
in  f a c t ,  e x is te d  in  f i s h  t i s s u e s  a t  c o n cen tra t io n s  p o t e n t i a l l y  
to x ic  to man.
A. Trace metal concen tra t ions  in  lak e  bottom sediments were not com­
p l e t e ly  i s o la te d  or removed from the environment, bu t  were ob­
served to be a v a i la b le  fo r  d i r e c t  uptake by benthos organisms fo r  
r e - e n t ry  in to  the f i s h  food chain and a lso  a v a i la b le  from the 
w ater-sedim ent i n te r f a c e  f o r  rec y c l in g  throughout the aqua tic  
ecosystem by p h y s ic a l ,  chemical and b io lo g ic a l  mechanisms.
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5. Trace m eta ls  can p e r s i s t  in  the environment over long p e r iods  o f  
time and fo r  g re a t  d i s ta n c e s  and thus should be c la sse d  as " r e s i ­
dual p o l lu t a n t s "  which l i m i t  the  u t i l i t y  of the water re so u rc e .
In view of the p e c u l i a r  p e r s i s t e n t  and cumulative c h a r a c t e r i s t i c s  
o f  t ra c e  m eta ls  as a group, t h e i r  e f f e c t s ,  even a t  low l e v e l s  of 
p o l lu t io n  a re  in e v i t a b l e .  Such e f f e c t s  should m an ifes t  themselves 
to a g r e a t e r  degree in  the  more h y d ro lo g ic a l ly  s ta b le  phases o f  
the aq u a t ic  environment such as lak es  and r e s e r v o i r s  r a t h e r  than 
in  the  more dynamic, c o n s ta n t ly  flowing r i v e r s ;  consequen tly ,
Lake Eufaula i s  the even tua l  and most v u lne rab le  t a r g e t  o f  t r a c e  
m etal p o l lu t io n .  I f  p re se n t  c o n d it io n s  are  allowed to  continue  
i t  i s  p r e d ic ta b le  t h a t  r e s id u a l  p o l lu t io n  of the North Canadian 
River w i l l  r e s u l t  in  fu tu re  l im i t a t i o n s  on the u t i l i t y  of Lake 
Eufaula w a te rs .  Trace m etal p o l lu t io n  in  the North Canadian 
River Basin i s  a measurable r e s u l t  of  man's te c h n o lo g ic a l  n e g le c t  
of h i s  environm ental r e s p o n s i b i l i t y  to t h i s  v i t a l  n a tu r a l  r e ­
source . This bas in  and i t s  re so u rces  a re  e s s e n t i a l  to the f u tu r e  
development o f  e a s te rn  and c e n t r a l  Oklahoma and i t s  lo s s  i s  too 
s ta g g e r in g  to  cons ide r .
T r a d i t io n a l ly ,  water p o l lu t io n  surveys have tended to  l im i t  them­
se lv e s  and the u t i l i t y  of the acqu ired  d a ta  by being u n n e c essa r i ly  narrow, 
o r  i n s u f f i c i e n t l y  comprehensive, to  the e x te n t  t h a t  a l l  f a c to r s  which i n ­
f luence  the q u a l i ty  o f  w ater as a n a tu r a l  resource  are  not cons ide red . 
Also, s tu d ie s  of t h i s  type have r e l e g a te d  to  a minor concern t h a t  c la s s  
o f  p o l lu ta n t s  which a re  termed " re s id u a l  p o l lu t a n t s "  and i t  i s  t h i s  c la s s  
o f  p o l lu ta n t s  which may u l t im a te ly  hold the  key to w ater resource
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management. This s tudy , inc lud ing  a comprehensive r iv e r  b a s in  survey , 
has a ttem pted to p rovide  a p a t t e r n  fo r  fu tu re  water resource  su rveys, 
and while  being  n e c e s s a r i ly  l im ite d  in  time i t  has opened the door to 
s e v e ra l  p rev ious ly  overlooked r e l a t i o n s h ip s  and in d ic a te s  s e v e ra l  a reas  
of much needed fu tu re  re se a rc h .  I t  i s  hoped th a t  the study of t ra c e  
metal p o l lu t io n  in  the  lower NCR b a s in  w i l l  p rovide a worthy e c o lo g ic a l  
c o n tr ib u t io n  and be o f  b e n e f i t  to man in  the  con tinu ing  s t ru g g le  between 
"Man and h i s  Environment".
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APPENDIX A 
NORTH CANADIAN RIVER BASIN SURVEY
T A B L E  1 1
P H Y S I C A L  D E S C R I P T I O N  O F  T H E  N O R T H  C A N A D I A N  R I V E R  B A S I N
Geographical
Surface Elevation 
Upper Elevation 
Lower Elevation
Drop in Elevation
River Miles Above Mouth
Basin Length
Stream Gradient
Drainage Area
Contributing Watershed 
Noncontributing
Meteorological
Precipitation
Seasonal, 30 yr avg. 
Spring 
Summer 
Fall 
Winter
Temperature
Spring
Summer
Fall
Winter
(ft)
(ft)
(ft)
(mi)
(mi)
(ft/mi)
(sq mi)
(in/yr)
(in)
(in)
(in)
(in)
(F°)
Upper Basin
6000
1830
4170
845 to 460
385
10.831
11,589
6,777
4,812
15 to 22
5.15
7.01
4.31
1.81
57.7
78.2
59.9
40.2
Middle Basin
1830
1300
530
460 to 307
153
3.464
1,453
1,366
87
22 to 30
8.78
7.92
5.61
2.98
58.8
79.5
61.7
39.4
Lower Basin
1300
550
750
307 to 0
307
2.443
1.658
1.658 
0
30 to 42
11. 71 
10.67 
8.60 
5.10
60.3
80.9
62.9
41.6
Basin Total
6000
550
5450
845
6.4497
14,700
9,801
4,899
00
Ln
TABLE 11— Continued
Evaporation, lake 
Runoff
(in/yr)
(in/yr)
Hydrological
Streamflow, 30 year Average (AF/yr)
Potential Recharge from Runoff (AF/yr)
Streamflow 1967 Water Year (AF)
Streamflow During this Study (AF)
(July 1967 through May 1968)
Tributary Streams to NCR
Geological
Physiographic Province; 
Section :
Outcrops (Age)
Upper Basin 
56 to 64 
0.4
165,800
144,576
69,560
87,620
Corrumpa Cr 
Coldwater Cr 
Palo Duro Cr 
Kiowa Cr 
Clear Cr 
Wolf Cr
Great Plains 
High Plains
Quaternary & 
Recent
Middle Basin 
64 to 60 
2 . 0
175,200
145,706
38,150
70,168
Indian Cr 
Persimmon Cr 
Bent Cr 
Purcell Cr 
Shell Cr
Lower Basin 
60 to 52 
5.0
492,300
442,130
2 0 2 , 0 0 0
301,540
Mustang Cr 
Crutcho Cr 
Soldier Cr 
Deer Cr 
Turkey Cr 
Wewoka Cr 
Grief Cr 
Fish Cr 
Bad Cr
Central Lowlands Central Lowlands 
Osage Plains Osage Plains
Basin Total
ooON
Permian Permian & 
Pennsylvanian
TABLE 11— Continued
Surface Geology:
Upper Basin
Ogallala & 
Younger 
Dakota ss 
Morrison Fm 
Entrada ss 
Dockum Group
Middle Basin Lower Basin
Rush Springs ss Hennessey sh
Marlow Fm 
Dog Creek sh 
Blaine Gypsum 
Flowerpot sh
Garber ss 
Wellington Fm 
Vanoss Fm 
Ada Fm
Basin Total
Cloud Chief Fm 
Rush Springs ss
Marlow Fm
Vamoosa Fm 
Barnsdall 
(Hilltop) Fm 
Chanute Fm 
Dewey Fm 
Nellie Bly Fm
Coffeyville Fm 
Checkerboard Is 
Seminole Fm 
Holdenville sh 
Wewoka Pm
Wetumka sh 
Calvin ss 
Senora Fm
T A B L E  1 2
P O L I T I C A L  D E S C R I P T I O N  O F  T H E  N O R T H  C A N A D I A N  R I V E R  B A S I N
State
Upper Basin 
County & Population*
Middle Basin 
County & Population*
Lower Basin 
County & Population*
Basin Total 
Population
New Mexico
Kansas
Texas
Oklahoma
Union Co 5,800
Edwards 4 ,400
Stevens 4 ,600
Morton 3,900
Dallam 5 ,400
Sherman 3 ,400
Hansford 7 , 1 0 0
Ochiltree 1 0 ,400
Lipscomb 3 ,900
Moore 13 ,600
Cimarron 4 ,496
Texas 14 ,162
Beaver 6 ,965
Harper 5 ,956
Ellis 5 ,457
Woodward 14 ,700
Oklahoma 51 ,736
Other States 63 ,500
16 Counties 115 ,236
Dewey
Major
Blaine
Canadian
6,051
7,808
12,077
26,700
Oklahoma
Pottawatomie
Seminole
Okfuskee
Hughes
McIntosh
504,400
41,486
28,066
10,500
15,144
12,371
5,800
12,900
44,800
00
o o
716,339
Totals
Oklahoma 52,636
Other States _____ 0
4 Counties 52,636
Oklahoma 
Other States 
6  Counties
611.967 
 0
611.967 26 Counties 779,839
*Total county populations are shown, although portions of some counties may not be included 
in the drainage basin.
T A B L E  1 3
E C O N O M I C  D E S C R I P T I O N  O F  T H E  N O R T H  C A N A D I A N  R I V E R  B A S I N
Economy Upper Basin Middle Basin Lower Basin Basin Total
Oklahoma
Total
Agriculture (Acres 1967) Okla. 5,537,000 2,278,000 1,957,000 9,772,000 36,077,000
Cropland (Acres 1967) 2,320,000 1 ,0 0 0 , 0 0 0 440,000 3,760,000 13,053,416
Non-Irrigated 2,047,438 982,939 428,494 3,458,871 12,494,613
Irrigated 272,562 17,061 11,506 301,129 558,803
Farm Income (1962) 
(in Dollars)
27,260,000 17,255,000 II,745,000 56,260,000 250,000,000
Industry
Mineral Production (1965) 
(in Dollars)
134,055,000 41,290,000 68,475,000 243,820,000 907,914,000
Source* He, NG, Pet, 
NG Liq, Sand, 
Grav, Stone 
& VoI Ash
Pet, NG, NG 
Liq, Gyps, 
Sand, Grav 
& Clay
Pet, NG Liq, 
Stone, Sand, 
Grav & Clay
Beef Cattle Feed Lots 
Cattle fed in 1967 478,370 35,200 5,000 518,570 425,000
Major Type of Industry Pet Produc­
tion, Cattle 
Feedlots,
Meat Process­
ing
Petroleum, 
BIdg Mater­
ials
Commo, Elect­
ronics, air­
craft, Di­
verse In­
dustry
oo
V £ >
*He = Helium; NG = Natural Gas; Pet = Petroleum; NG Liq = Natural gas liquids; Grav = Gravel; 
VoI Ash = Volcanic ash; Gyps = Gypsum, Commo = Communications.
T A B L E  1 4
W A T E R  U S E  A N D  W A S T E W A T E R S  G E N E R A T E D  I N  T H E
N O R T H  C A N A D I A N  R I V E R  B A S I N
Upper Basin Middle Basin Lower Basin Basin Total Oklahoma Total
WATER USE (1967 in Acre-Ft/yr) 424,529 24,942 164,980 614,451 1,538,492
Surface Water 7,176 1,508 149,302 157,986 825,256
Ground Water 417,353 23,434 15,678 456,465 713,236
Municipal 7,547 7,282 138,962 153,791 378,919 1
Surface Water 737 199 131,070 132,006 303,659
Ground Water 6,810 7,083 7,892 21,785 75,260
Agriculture 413,800 16,505 8,840 439,145 714,349
Surface Water 5,550 1,099 4,267 10,916 121,844
Ground Water 408,250 15,406 4,573 428,229 592,505
Industry 1,812 803 14,959 17,574 393,512
Surface Water 0 2 13,118 13,120 368,862
Ground Water 1,812 801 1,841 4,454 24,650
Other 1,370 352 2,219 3,941 51,712
Surface Water 889 208 847 1,944 30,891
Ground Water 481 144 1,372 1,997 20,821
WASTE WATERS GENERATED
Municipal (.70 X Reported 5,250 5,110 98,000 108,360 265,300
water use)
Industrial (.95 X Reported 1, 721 763 14,450 16,934 374,300
water use)
V £ >O
T A B L E  1 5
W A T E R  R E S O U R C E S  I N  T H E  N O R T H  C A N A D I A N  R I V E R  B A S I N
POTENTIAL RESOURCES Upper Basin Middle Basin Lower Basin
Surface Water
Runoff (Recharge) 144,576 145,706 442,130
(AF/yr Calculated) 1967
Stream Flow (30-yr Avg.) 165,800 175,200 492,300
(AF/yr Measured) 
Ground Water (Aquifers)
River Alluvium: Cimarron C o . 
Texas Co - 
Beaver C o . 
Harper Co. 
Ellis Co. 
Woodward Co.
Dewey C o .
Maj or Co. 
Blaine Co. 
Canadian C o .
Oklahoma Co. 
Okfuskee Co. 
Hughes Co. 
McIntosh Co.
Terrace Deposits: Beaver Co. 
Harper Co. 
Ellis Co. 
Woodward C o .
Dewey C o .
Maj or Co. 
Blaine Co. 
Canadian C o .
Oklahoma C o . 
Seminole Co. 
Hughes Co.
Bedrock Formations: Ogallala Fm. & Younger Rush Springs Sandstone Hennessey Shale
Dakota Sandstone 
Dockum Group 
Rush Springs Sandstone 
Marlow Formation
Marlow Formation Garber Sandstone 
Wellington Fm. 
Vanoss Formation 
Vamoosa Formation 
Barnsdall
(Hilltop) Fm. 
Seminole Fm. 
Wewoka Formation 
Calvin Sandstone 
Senora Formation
T A B L E  1 6
W A T E R  R E S O U R C E  D E V E L O P M E N T  I N  T H E  N O R T H  C A N A D I A N  R I V E R  B A S I N
Use* Location*! Upper Basin*
Middle
Basin* Lower Basin
Status and 
Agency*
Maximum
Capacity
(AF)*
FC-Con-Rec Wolf Cr 
Ft. Supply
Fort Supply Res. 
and Dam
1942, USCE 101,800
FC--Irr-Rec NCR Mi 623 Optima Res & Dam WIP, USCE (260,000)
FC-Irr-WS-
Con-Rec
NCR Mi 394 
Canton, Okla.
Canton Res 
and Dam
1948, USCE 386,000
WS-Res NCR Mi 281 
Okla. City
Lake Overholser- 
Dam
1917, Okla 
City Munie.
15,600
Diver—WS- 
Rec
Okla. City, 
Cim. R. Basint
L. Hefner Diversion 
Canal & Dam
1944, Okla. 
City Munie. 75,355
Diver-WS-
Rec
Okla. City,
E. Elm Creekt
L. Draper & Pipeline 
100 mi, 600 ft. Lift
1964, Okla. 
City Munie. 1 0 0 , 0 0 0
Diver-WS-
Rec
Southeastern
Oklahoma!
(L. Atoka) SE Okla. 
Source for L . Draper
1959, Okla. 
City Munie.
125,000
FC,45000cfs NCR, Okla.City Okla. City Floodway 1956, USCE -----
FC-Sed-P- 
Rec—Con—Nav
Canadian R.Mi 27 
Eastern Okla.
Lake Eufaula & Dam 1964, USCE
3,844,000
Irrigation Wells on Okla. 
Farms & 
Ranches
1,477 wells 191 wells 84 wells 1967, Farmers 
and Ranchers
428,229
TOTAL 5 , 3 3 5 , 9 8 4
VO|S3
*Abbreviations: FC = Flood Control; Con = Conservation; Rec = Recreation; Irr = Irrigation;
WS = Water Supply; Diver = Diversion; Sed = Sediment Control; P = Power; Nav = Navigation;
USCE = US Army Corps of Engineers; NCR = North Canadian River; Res = Reservoir; WIP == Work in Progress; 
AF = Acre-Feet.
fLocated outside the NCR Basin.
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TABLE 17
WATER RESOURCE PLANNING IN THE NORTH CANADIAN RIVER BASIN
Use Location Upper Basin
R eservoir NCR, New Mexico Corrumpa R eservo ir
Reservoir NCR, Oklahoma Beaver R eservo ir
R eservoir NCR, Oklahoma Gate R eservo ir
Reservoir Coldwater C r . ,  Tex. S t r a t fo r d  R eservo ir
Reservoir Coldwater C r . ,  Tex. Alexander Reservo ir
R eservoir Palo Duro C r . ,  Tex. Spearman R eservo ir
Reservo ir Wolf Creek, Oklahoma Fargo R eservoir
R eservoir NCR, Oklahoma
Reservo ir NCR, Oklahoma
Reservoir NCR, Oklahoma
I r r i g a t i o n NCR, Canton-Calumet
Sewage I r r i g a t io n NE Okla. C ity ,  NCR
Wetlands Drainage NCR, above L. Eufaula
N avigation Canal Okla. C ity-L .Eufaula-A rk .R .
N avigation Canal Okla. C ity-Bosw ell-Red. R.
NCR water to  Cim. R. NCR a t  Gate Gate D ivers ion
NCR water to Cim. R. Canton Res.-Hitchcock
NCR water to  SCR Basin NCR, Watonga
NCR water to  SCR Basin NCR, El Reno
Flood Control Lower NCR Basin
Flood Control-W ater Sup. NCR, NE New Mexico Corrumpa Cr. P r o j .
Flood P ro te c t io n Palo Duro C r . ,  Tex. Palo Duro Cr. P ro j .
Flood P ro te c t io n Lost C r . ,  Laverne, Okla. Lost Cr. P ro j .
Flood P ro te c t io n Wewoka C r . ,  Wetumka, Okla.
R iver Survey NCR Basin North Canadian R.
R iver Survey NCR Basin (Texas) East Amarillo Cr.
R iver Survey NCR Basin -  Texas & Okla. Palo Duro Creek
River Survey NCR Basin -  Texas & Okla. C lear Creek
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TABLE 17—Continued
Middle Basin Lower Basin Agency
USCE
USCE
USCE
USCE
USCE
Okmulgee Reservoir  
Weleetka Reservoir  
Wetumka Reservoir
USCE
USCE
USCE
USCE
USCE
Canton I r r i g .  P ro j .
Okla. C ity  I r r i g .  P ro j .  
Local Agri. Drainage 
Deep Fork Navigation 
C en tra l  Okla. P ro j .
Bur. Reclam. -  F & W 
Bur. Reclam.
Bur. Reclam.
USCE
USCE
Canton Diversion  
Watonga D iversion 
El Reno Diversion
S q u ir re l  Cr. D iversion
USCE
USCE
USCE
USCE
Bur. Reclam.
North Canadian R.
Wewoka Cr. P ro j .  
North Canadian R.
USCE
USCE
USCE
USCE
AWRBIAC
Bur. Reclam. 
Bur. Reclam. 
Bur. Reclam.
T A B L E  1 8
S T R E A M F L O W , W A T E R  U S E  A N D  W A S T E  W A T E R  I N P U T  I N  T H E
L O W E R  N O R T H  C A N A D I A N  R I V E R  B A S I N
Month
Streamflow 
El Reno 
(MG/mo)
Streamflow 
Oklahoma City 
(MG/ mo )
Water Use 
Oklahoma City 
(MG/mo )
Waste Input 
Oklahoma City 
(MG/ mo )
Streamflow 
Wetumka 
(MG/mo)
June 1967 3,607 2 2 1,460 770 2,854
July 508 36 1,600 760 2,043
August 512 505 1,769 783 775
September 6,530 84 1,179 765 2,320
October 1,949 233 1,171 772 3,389
November 472 94 1,091 728 2,353
December 336 33 1,093 817 1,529
January 1968 234 41 1,158 850 5,930
February 3,483 42 1,026 706 4,432
March 873 49 1 , 1 0 0 826 14,533
April 1,496 1 1 1 1,167 781 17,270
May 2,864 932 1,246 852 43,664
TOTALS (MG) 22,864 2,182 15,060 9,410 101,092
VO
Ln
96
APPENDIX B
CHEMICAL, PHYSICAL, BIOCHEMICAL AND HYDROLOGICAL ANALYSES 
FOR LOWER NORTH CANADIAN RIVER WATERS
T A B L E  1 9
C H E M I C A L ,  P H Y S I C A L ,  B I O C H E M I C A L  A N D  H Y D R O L O G I C A L
A N A L Y S E S  F O R  S T A T I O N  I
Date
01 M
i-H 0)
Î ICO s
% g
MGD
>.10}4-1
COs0) 4J 
4-1 3 w a. to c3  1-4
MGD
1—1 §
(Q 0)4J O 
O  -U t-n E-4 CC
MGD
u  
u  .(U A 4-1 e  
CO <v 3  E-t
Concentrations in mg/1
pH DO BOD Cl Aik NO 3 PO 4 Fe Ni Cu Zn Ag Cd Cr
7-11-67 1 .84 0 . 8 29 7.5 6 0 130 179 .3 . 6 .440 .440 . 2 2 0 .500 . 0 1 0 ND ND
7-19 9 1.36 0 1.4 28 7.4 8 --- 131 181 . 1 .5 .440 . 2 2 0 ND .130 ND ND ND
7-25 2 0 .97 0 1 . 0 30 7.2 6 0 152 177 0 .4 ND ND ND . 1 0 0 ND ND ND
7-27 1 2 .97 0 1 . 0 31 7.5 1 0 0 152 177 0 .4 .440 ND ND .075 ND ND ND
8 - 8 2 1 .71 0 .7 28 7.0 7 7 136 173 . 1 .3 .900 ND .400 .130 ND ND ND
10-13 44 3.49 0 3.5 2 1 6.7 1 0 2 172 139 . 1 . 2 1,950 . 1 0 0 .250 .190 ND .005 ND
11-13 51 5.43 0 5.4 14 7.0 1 0 3 172 138 .4 1 . 0 2.500 ND ND .280 ND ND ND
11-18 52 2.07 0 2 . 1 1 1 6 . 8 9 1 179 171 . 6 .4 2 . 1 0 0 ND ND .046 ND ND ND
1 2 - 1 0 64 .98 0 1 . 0 5 6.5 1 2 2 184 171 .4 .5 .900 ND ND . 0 2 2 ND ND ND
1-29-68 83 2.33 0 2.3 1 2 6 . 8 15 5 171 181 .5 . 8 .740 ND ND ND ND ND ND
2 - 2 0 105 .84 0 . 8 1 1 6 . 8 19 5 166 203 .4 1 . 0 .440 . 2 2 0 ND . 0 2 2 ND .005 —
4-2 133 1 .6 £ 0 1.7 13 7.0 8 4 188 142 .3 . 6 1.050 ND .400 . 2 2 0 ND . 0 1 0 .050
VD 
—I
*NCR streamflow data obtained from USGS stream gaging station at Oklahoma City, which is 
located at Station I.
T A B L E  2 0
C H E M I C A L ,  P H Y S I C A L ,  B I O C H E M I C A L ,  A N D  H Y D R O L O G I C A L
A N A L Y S E S  F O R  S T A T I O N  I I
Date
cu MT—J d)
II
CO Z
cu 3  M O■M I-H 
CO pvc
MGD
cu■Mn)
3
0)■u 3CO a.
g  cS 
MGD
G
1-H (Q 
ctJ OJ ^
ki oO 4J ,-H H  CO
MGD
CD
k .
01 O. 
BCU (U 
S  E-i
pH
Concentrations in mg/1
DO BOD Cl Aik NO 3 PO 4 Fe Ni Cu Zn Ag Cd Cr
7-11-67 2 .84 5 5.84 35 7.8 1 2 17 1 1 0 0 205 .05 1.9 .600 . 1 0 0 ND . 700 . 0 1 0 . 0 1 0 ND
7-19 1 0 1.36 5 6.36 33 7.0 6 --- 539 177 .05 1 . 8 .150 . 2 2 0 ND .258 ND . 0 1 0 ND
7-27 13 .97 5 5.97 34 7.0 1 0 6 8 1967 313 .35 1 . 6 .300 . 2 2 0 ND . 1 0 0 ND ND ND
8 - 8 2 2 .71 5 5.71 30 7.8 1 2 1 1 953 191 .05 1 . 0 .300 . 2 2 0 ND . 0 1 0 ND ND ND
10-13 45 3.49 5 8.49 23 7.0 1 1 6 1489 134 2.50 . 6 1.500 . 1 0 0 ND .160 . 0 1 0 .015 ND
11-13 50 5.43 5 10.43 17 6.9 16 2 2 951 189 .40 . 6 1.600 ND ND .035 .005 .005 ND
11-18 53 2.07 5 7.07 1 1 6.9 1 1 6 735 215 .35 . 6 1.350 ND .150 .280 .005 .015 .050
1 2 - 1 0 65 .98 5 5.98 4 6 . 8 1 1 15 646 207 .50 . 8 .740 ND ND . 0 2 2 ND ND . 0 2 0
12-24 70 .97 5 5.97 9 6 . 8 1 0 15 603 209 0 1 . 2 1 . 2 0 0 ND ND .700 ND ND ND
1-28-68 84 2.07 5 7.07 15 6 . 8 9 24 674 197 .15 .5 .300 ND ND ND ND ND ND
2 -1 4 8 6 .97 5 5.97 2 6.4 7 2 1 824 190 .65 2.9 .600 ND . 2 0 0 .190 ND .005 ND
2 - 2 0 104 .84 5 5.84 15 7.0 9 16 860 229 .25 1.7 .900 . 2 2 0 .150 .046 ND . 0 1 0 ND
3-30 115 1.49 5 6.49 2 0 7.0 8 13 792 217 .05 1 . 6 .150 . 2 2 0 . 1 0 0 .280 . 0 1 0 . 0 1 0 ND
4—5—68 152 2.78 5 7.78 15 7.0 8 346 178 .25 .7 .600 ND ND . 0 2 2 ND .005 ND
VO
CO
*NCR streamflow data obtained from USGS stream gaging station at Oklahoma City, which Is 
located at Station I.
T A B L E  2 1
C H E M I C A L ,  P H Y S I C A L ,  B I O C H E M I C A L  A N D  H Y D R O L O G I C A L
A N A L Y S E S  F O R  S T A T I O N  I I I
Date
(U M
rH 0)
i" "6
OT z
B
CO -JC
2  g
M  pd 
MGD
w
0)■U
<u -W 
• t - >  3  
CO O ,  
CO C  3  1 - 4
MGD
f“4 M 
CO (U s  
M  O  
O  4 J  . - 4  
E h  C O  f i c
MGD
o
M ■m a 
i j  e  
CO (U 3  E h
pH
Concentrations in mg/I
DO BOD Cl Aik N O  3 PO 4 Fe Ni Cu Zn Ag Cd Cr
7-II-67 3 .84 30 30.84. 33 7.4 6 18 645 172 5 . 1 0 33.0 .300 . 2 2 0 .180 . 660 ND ND ND
7-18 II 1.62 30 31.62 34 7.2 5 — — 469 153 3.60 22.5 .150 . 2 2 0 ND . 1 0 0 ND ND ND
7-27 14 .97 30 30.97 32 7.2 3 17 812 2 1 0 .65 33.0 .740 .440 .150 .190 . 0 1 0 .005 ND
8 - 8 23 .71 30 30.71 29 7.0 6 13 585 169 3.60 33.0 .150 . 2 2 0 ND . 1 0 0 ND ND ND
9-5 30 1.55 30 31.55 2 1 6 . 8 5 8 572 217 .60 19.0 1.600 .440 .180 . 2 2 0 . 0 1 0 ND .050
9-6 39 1.40 30 31.40 2 0 5.8 4 8 572 217 .60 19.0 1.600 . 2 2 0 ND .160 ND . 0 1 0 ND
10-13 40 3.49 30 33.49 2 2 7.0 4 18 830 170 7.00 36.0 1.950 .330 .500 .810 .025 .016 .050
II-I2 46 4.98 30 34.98 2 0 7.0 7 1 2 744 171 1.50 23.0 .900 . 1 0 0 .180 .190 . 0 1 0 . 0 1 0 ND
1 1 - 2 0 58 1.87 30 31.87 14 6 . 8 8 13 641 176 3.15 24.0 1 . 2 0 0 . 1 0 0 ND .075 ND ND ND
1 2 - 1 0 6 6 .98 30 30.98 7 6.5 8 18 626 197 1.95 30.0 .600 ND ND .075 ND ND ND
2-13-68 85 .97 30 30.9 7 6 6 . 8 7 24 678 181 2.15 18.0 .600 ND . 2 0 0 .160 .005 . 0 1 0 .050
2-14 87 .97 30 30.97 6 6 . 8 9 24 678 181 2.15 18.0 .600 . 2 2 0 ND .075 ND .005 ND
2-14 8 8 .97 30 30.97 7 6 . 8 7 24 678 1 8 1 2.15 18.0 1.600 . 2 2 0 .150 .160 .005 . 0 1 0 ND
2 - 2 0 103 .84 30 30.84 16 6 . 8 5 2.5 563 2 0 1 1.55 30.0 .600 .440 .340 . 2 2 0 . 0 1 0 . 0 1 0 .050
4-2 129 1 . 6 8 30 31.68 1 2 6 . 0 5 23 752 1 9 3 2.80 33.0 .600 ND .340 .620 N D .023 .050
4-5 153 2.78 30 32.78 13 6 . 8 6 1 2 401 1 7 3 1.35 8 . 0 .600 . 2 2 0 .180 .160 .005 .005 .050
VO
VO
*NCR streamflow data obtained from USGS stream gaging station at Oklahoma City, which is 
located at Station I,
T A B L E  2 2
C H E M I C A L ,  P H Y S I C A L ,  B I O C H E M I C A L  A N D  H Y D R O L O G I C A L
A N A L Y S E S  F O R  S T A T I O N  I V
Date
QJ M 
i-l <U
II
CO 2
Eca -K<U 13
(-1 o•U t-l CO pH
MGD
(U
ca
S0) W
■U 3 to &. 
ca c13 I-l
MGD
E1—4 cd 
Cd 0)
4^ u  oO -w r-H ^  CO
MGD
CJ
M •
•U E* 
ce 0)S  E-I
pH
Concentrations in mg / 1
DO BOD Cl Aik NO 3 PO 4 Fe Ni Cu Zn Ag Cd Cr
7-27-67 15 .97 40 40.97 33 7.4 5 1 1 499 2 2 0 .40 30.5 .300 . 2 2 0 .150 .130 ND .005 ND
8 - 1 0 24 .71 40 40.71 34 7.5 4 8 519 189 2.55 29.5 .300 .050 ND .045 ND ND ND
10-13 41 3.49 40 43.49 19 7.1 5 14 594 178 2 . 2 0 36.0 2.800 . 660 ND .820 . 0 1 0 .023 .050
1 1 - 1 2 49 4.98 40 44.98 16 6 . 8 4 13 607 180 1.30 23.0 1.350 .130 ND . 2 2 0 .005 .035 ND
1 1 - 2 0 59 1.87 40 41.87 13 6 .8 6 14 502 198 2.30 34.0 1.800 . 2 2 0 .150 .130 ND . 0 1 0 ND
1 2 - 1 0 6 8 .98 40 40.98 6 6 . 8 7 16 507 205 1.85 36.0 1 . 2 0 0 . 2 2 0 ND .075 .005 ND ND
12-24 71 .97 40 40.97 9 6 . 8 8 19 468 207 4.00 25.0 .300 ND ND .075 ND .005 ND
1-29-68 81 2.33 40 42.33 15 6 . 8 5 17 498 195 1 . 0 0 27.0 .900 ND ND .046 ND . 0 1 0 ND
2 - 2 0 1 0 1 .84 40 40.84 14 6 . 8 5 28 523 188 .95 29.0 .600 . 1 0 0 .180 . 1 0 0 . 0 1 0 .023 ND
3-30 119 1.49 40 41.49 19 7.0 1 15 549 204 1. 75 26.0 .440 . 1 0 0 .150 .315 .005 .016 ND
4-5 155 2.78 40 42.78 16 6 . 8 5 13 386 177 1.65 13.6 .440 ND .180 .075 .005 .015 .050
4—6 156 2.97 40 42.97 17 7.0 5 13 386 177 1.65 13.6 .440 . 1 0 0 . 1 0 0 .350 ND . 0 1 3 .050
5-8 171 2.84 40 42.84 18 6 .6 4 17 472 198 3.40 31.0 6.500 ND ND . 2 2 0 .005 .013 ND
o
o
* N C R  s t r e a m f l o w  d a t a  o b t a i n e d  f r o m  U S G S  s t r e a m  g a g i n g  s t a t i o n  a t  O k l a h o m a  C i t y ,  w h i c h  i s
l o c a t e d  a t  S t a t i o n  I .
T A B L E  2 3
CHEMICAL, PHYSICAL AND HYDROLOGICAL ANALYSES FOR STATION V
(UI—Icu (U 
Ecd cd M  Q
cu M CU 1  -K
% 1  4—1 r—1
MGD
cu
1
E-I
MCUUJ
S
°c
cc13.
Concentrations in mg / 1
IICOS
o
o
cdS
m
OO«
cn
8
oCO tHCD
CO
§
-a-
oCM
CO
O
T3
cdas
CJ T)
CU a  
Cl4 oCO o
-H
S a)u cM TdCD wCD
1967
7-14 5 39 25 7.5 -- 280 168 1 0 82 500 . 6 1.5 1 2 2 0 306 1980 .300 .440 .180 .250 ND ND ND
7-31 16 2 1 26 7.0 7 287 240 14 70 500 3.2 2 . 0 1 2 2 0 392 2 1 2 0 .300 . 2 2 0 ND .045 ND ND ND
8 - 1 2 25 19 28 6 . 0 1 2 280 192 8 78 460 1. 7 1.9 1140 296 1970 .150 .050 .340 .074 ND ND ND
10-13 43 72 2 2 6 . 8 1 0 178 ------------- -- 55 285 13.0 --- 729 --- 1320 2.400 . 1 0 0 ND .075 ND .005 ND
1 1 - 1 2 48 57 14 7.0 7 184 216 0 94 300 18.0 7.4 870 314 1520 1.050 .130 .180 .075 ND .005 ND
12-9 60 46 8 6.4 1 1 268 260 0 118 430 3.2 13.0 1 2 0 0 396 2 0 2 0 .600 ND ND . 0 2 2 ND ND ND
1968
1-28 75 8 6 6 15 5.5 4 54 •—- — —  — 18 92 3.6 1.5 289 ------------- 496 1 2 . 0 0 0 ND ND .250 .005 ND ND
2-18 93 83 4 6 . 8 9 236 252 0 79 400 16.0 9.6 1130 370 1860 .440 . 2 2 0 ND . 0 2 2 ND . 0 1 0 ND
3-30 117 275 2 0 7.0 8 114 132 0 38 2 1 0 6 . 1 .4 611 198 973 1.500 ND .150 .350 . 0 1 0 . 0 1 0 .050
4—6 159 149 16 7.0 — 2 1 0 --------— — — 6 8 365 7.0 .7 984 ------------- 1620 1 . 2 0 0 ND .150 .190 ND .013 ND
5-8 173 1260 2 0 6 . 0 — 134 ------------- —— 56 240 8.3 3.4 670 1 1 1 0 .300 ND .150 .760 ND .005 .125
* S t r e a m f l o w  d a t a  o b t a i n e d  f r o m  U S C E  s t r e a m  g a g i n g  s t a t i o n  n e a r  W e t u m k a  a t  N C R  m i l e  8 4 . 4  w h i c h
i s ,  a t  a v e r a g e  s t r e a m  f l o w ,  2  d a y s  b e l o w  S t a t i o n  V .
T A B L E  2 4
C H E M I C A L ,  P H Y S I C A L  A N D  H Y D R O L O G I C A L  A N A L Y S E S  F O R  S T A T I O N  V I
(U 
1—1O. 0)
E yn) td 
OO Q
<u wi-H <U 
CU.O
§ D 
GO Z
1<u & V4 o 
+0
CO PG|
MGD
i
EH
M
0)GJ
3
“c
as
PC
Concentrations in mg/1
oo
nj
cn
8as
cn
8
o
CO
t-HO §
<r
oaw COo
T3)Htd
as
CJ 13
(U c
PC O 
CO u
<upH ■H2
a)o a bOC
TS
CJ
a
o
1967
7-14 6 41 29 7.5 8 280 168 1 0 82 500 . 6 1.5 1 2 2 0 306 1980 ND ND .180 .090 ND ND ND
7-31 17 2 2 25 8 . 0 6 287 240 14 70 500 3.2 2 . 0 1 2 2 0 392 2 1 2 0 .150 ND .180 .130 ND ND ND
8 - 1 2 26 23 31 7.0 1 2 280 192 8 78 460 1.7 1.9 1140 296 1970 .150 ND ND .130 . 0 1 0 ND ND
11-15 54 47 1 2 6 . 8 13 258 ----- --- 1 0 0 418 2 0 . 0 14.0 1140 ----- 1970 .740 ND ND .050 ND ND ND
12-9 61 51 8 6 . 8 1 2 268 260 0 118 430 3.2 13.0 1 2 0 0 396 2 0 2 0 .600 ND .450 .035 ND ND —
1968
1-28 76 853 14 5.5 5 54 -------- — 18 92 3.6 1. 5 289 -------- 496 9.000 ND .150 .160 . 0 1 0 ND ND
2-18 95 83 4 6 . 8 1 2 236 252 0 79 400 16.0 1 0 . 0 1130 370 1860 .740 ND ND . 0 2 2 ND ND ND
3-30 118 301 2 0 6.5 1 0 135 -------- — 47 242 7.9 .4 711 -------- 1130 1.950 ND .225 .250 .005 . 0 1 0 ND
4—6 163 167 18 7.0 1 0 2 1 0 — — “ ----- 6 8 365 7.0 .7 984 -------- 1620 2.400 ND .150 .500 ND ND . 0 2 0
5-8 175 291 2 1 7.0 8 2 1 0 180 1 2 1 0 0 370 2.9 1.9 994 304 1600 3.500 ND ND .380 ND ND ND
o
ho
*Streamflow data obtained from stream gaging station near Wetumka, which is, at average stream 
flow, 1 day below Station VI.
T A B L E  2 5
C H E M I C A L ,  P H Y S I C A L  A N D  H Y D R O L O G I C A L  A N A L Y S E S  F O R  S T A T I O N  V I I
0)
1—1
A 0)
B  -u
(U M I-H (U
s "i
ea 4C
é
01E-c
I - l
OiJ-l
Concentrations in mg/1
cd cd 
tn Q
a dc/d g;id k 
MGD °c C U oQ az
cn
8
K
cn
8
ocyd u
cn
s OCU COQ
T3M
w
U  t3a ccu o CO o 2 -H 3U < 3 MU
1967
7-14 7 50 31 7.0 _ 280 168 1 0 82 500 . 6 1.5 1 2 2 0 306 1980 .150 . 2 2 0 .180 .045 ND ND ND
7-29 18 41 30 7.0 7 240 168 2 0 70 428 0 1.4 1070 292 1740 .440 . 2 2 0 ND . 1 0 0 ND ND ND
8 - 1 2 27 34 30 7.0 1 1 280 192 8 78 460 1. 7 1.9 1140 296 1970 .440 .050 ND .045 ND . 0 1 0 ND
11-19 55 48 1 2 6 . 8 14 258 ----- --- 1 0 0 418 2 0 . 0 14.0 1140 ----- 1970 1.500 ND ND .046 .005 ND ND
1968
1-28 77 2 2 0 14 6 . 0 9 138 59 2 2 0 17.0 5.4 6360 1080 6 . 0 0 0 ND ND . 0 2 2 ND ND ND
2-18 96 85 5 6 . 8 1 0 2 1 64 0 — 6 27.0 .3 ------ 6 8 235 .900 ND ND .034 ND .005 ND
4-1 124 301 14 6 . 0 9 114 132 0 38 2 1 0 6 . 1 .4 611 198 973 6.400 ND .340 .280 ND . 0 1 0 .050
4-6 167 259 15 6.4 - 2 1 0 ----- — 6 8 365 7.0 .7 984 ----- 1620 3.300 . 1 0 0 ND .310 .005 ND .050
4—6 166 259 16 6 . 8 _ 2 1 0 —  —  — —  — 6 8 365 7.0 .7 984 1620 3.000 ND ND . 2 2 0 .003 ND .050
5-8 178 105 23 7.0 1 0 2 1 0 180 1 2 1 0 0 370 3.0 1.9 994 304 1600 .900 ND .250 .250 ND .013 ND
MO
O J
* S t r e a m f l o w  d a t a  o b t a i n e d  f r o m  U S C E  s t r e a m  g a g i n g  s t a t i o n  n e a r  W e t u m k a ,  w h i c h  i s ,  a t  a v e r a g e
s t r e a m  f l o w ,  1  d a y  a b o v e  S t a t i o n  V I I .
T A B L E  2 6
C H E M I C A L ,  P H Y S I C A L  A N D  H Y D R O L O G I C A L  A N A L Y S E S  F O R  S T A T I O N  V I I I
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1967
7-14 8 57 30 7.3 - 280 168 1 0 82 500 . 6 1.5 1 2 2 0 306 1980 ND . 2 2 0 .150 .045 ND ND ND
7-29 19 90 28 7.0 8 148 90 0 41 310 7.8 2 . 0 599 168 1090 .300 ND ND .160 ND ND ND
8 - 1 2 28 37 27 7.0 13 280 192 8 78 460 1. 7 1.9 1140 296 1970 .600 ND ND .250 . 0 1 0 ND ND
11-19 56 47 1 2 6.4 8 184 216 0 94 300 18.0 7,4 870 314 1520 2.250 ND ND .046 ND ND ND
12-9 62-1 39 9 6 . 8 14 268 260 0 118 430 3.2 13.0 1 2 0 0 396 2 0 2 0 .900 .005 .180 . 0 2 2 ND ND ND
12-9 62-2 39 8 7.8 13 268 260 0 118 430 3.2 13.0 1 2 0 0 396 2 0 2 0 1.600 ND ND .075 ND ND ND
1968
1-28 78 105 13 5.5 9 138 ----- — 59 2 2 0 17.0 5.4 6360 ---— 1080 2. 700 ND ND . 0 2 2 ND ND ND
1-28 79 105 1 2 5.5 9 138 ----- — 59 2 2 0 17.0 5.4 6360 ----- 1080 3.300 ND ND .046 ND ND ND
2-18 97 85 4 6.5 9 195 236 0 77 340 18.0 7.5 998 340 1620 2.400 ND ND .015 ND ND ND
2-18 98 85 4 6.5 9 195 236 0 77 340 18.0 7.5 998 340 1620 1.800 . 1 0 0 ND . 0 2 2 ND ND ND
4-1 125 162 15 6 . 0 8 135 — — — --- 47 242 7.9 .4 711 ----- 1130 2.400 ND .340 .190 .005 . 0 1 0 .050
4-1 126 162 1 2 6 .0 7 135 ----- --- 47 242 7.9 .4 711 ----- 1130 3.700 ND .225 .420 ND . 0 1 0 .050
4—6 168 384 14 6.4 8 114 132 0 38 2 1 0 6 . 1 .4 611 198 973 3.300 ND ND . 2 2 0 ND .005 .050
4-6 169 384 15 6 . 2 8 114 132 0 38 2 1 0 6 . 1 .4 611 198 973 3.600 ND ND .280 ND .005 .050
o
*Streamflow data obtained from stream gaging station near Wetumka, which is, at average stream 
flow, 2 days above Station VIII.
T A B L E  2 6 — C o n t i n u e d
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1968
170 384 ** ** ** 114 132 0 38 2 1 0 6 . 1 .4 611 198 973 .740 ND .150 .450 ND .013 . 0 2 0
5-8 179 114 2 0 7.0 7 2 1 0 180 1 2 1 0 0 370 2.9 1.9 994 304 1600 1.050 ND ND .250 ND .005 ND
5-9 180 105 2 1 0 180 1 2 1 0 0 370 2.9 1.9 994 304 1600 . 740 ND .150 .250 ND .005 ND
5-9 181 105 2 1 0 180 1 2 1 0 0 370 2.9 1.9 994 304 1600 .740 ND ND . 320 ND .005 ND
5-10 182 1 2 0 2 1 0 180 1 2 1 0 0 370 2.9 1.9 994 304 1600 .740 ND .150 .420 ND .013 ND
5-10 186 1 2 0 2 0 6.5 8 2 1 0 180 1 2 1 0 0 370 2.9 1.9 994 304 1600 2.400 ND .150 .380 ND .005 . 0 2 0  •
5-10 190 1 2 0 19 6 . 8 6 2 1 0 180 1 2 1 0 0 370 2.9 1.9 994 304 1600 2.250 ND .150 .350 ND .013 ND
5-10 192 1 2 0 18 6 .5 5 2 1 0 180 1 2 1 0 0 370 2.9 1.9 994 304 1600 2.800 ND .150 .310 .003 .005 .050
5-10 193 1 2 0 20 6.5 7 2 1 0 180 1 2 1 0 0 370 2.9 1.9 994 304 1600 1.500 ND .150 .310 ND .005 ND
o
Ln
*Streamflow data obtained from stream gaging station near Wetumka, which is, at average stream 
flow, 2 days above Station VIII.
**Treated tap water, source from Lake Eufaula at Station VIII.
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APPENDIX C
TRACE METAL CONTENT OF LOWER NORTH CANADIAN RIVER WATERS
T A B L E  2 7
IRON CONCENTRATIONS (mg/1) AT VARIOUS STATIONS AND DATES
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1967
7/11
7/14
7/18
.44 . 60 .30
.15
.30 ND .15 ND
7/19
7/25
7/27
.44
ND
.44
.15
.30 .74 .30
7/29
7/31
8 / 8 .90 .30 .15
.30 .15
.44 .30
8 / 1 0
8 / 1 2
8/16 .74
.30
.15 .15 .44 .60
9/5
9/6
10/13 1.95 1.50
1.60
1.60
1.95
2.80
5.00
4.00
2.70
2.80 2.40
11/9
1 1 / 1 2
11/13 2.50 1.60
.90 2 . 1 0 1.35 1.05
.74
11/18
11/19
1 1 / 2 0
2 . 1 0 1.30
1 . 2 0
.44
1.80
1.50 2.25
12/9
1 2 / 1 0
12/24
.90 .74
1 . 2 0
.60
.90
1.95
1 . 2 0 1 . 2 0
.30
.60 .60 1.60
12/31 .90
T A B L E  2 7 — C o n t i n u e d  f o r  I r o n
Stream Stations Lake Stations
Date
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1968
1/28
1/29
2/13
2/14
.74 .30
.60
.60
1.60
.74 .90
1 2 . 0 0 9.00 6 . 0 0 3.30
2/16
2/18
2 / 2 0 .44 .90 .60
2 . 1 0
.15 . 60
.44 .74 .74 .90 2.40
3/27
3/29
3/30 .15
1.95
14.00 .60
.44 1.50 1.95
4/1
4/2
4 /3
1.05 .60
1.80
.90
.60
1.05 1.50 6.40 1 . 0 0 1.50 3.70
4/4
4/5
4/6
.60 . 60
.74 
2.25 
. 60
.30 3.60 .44
.44 1 . 2 0 .60 . 74 2.40 3.00 2 . 1 0 2 . 1 0 3.60
5/8
5/9
5/10
5.00 .74 6.50 .30 .90 3.50 .900 .90
2.40
1.05
.74
.74 2.25 2.80
Max. 
Obs. 2.50 1.60 1.95 14.00 4.00 3.60 6.50 1 2 . 0 0 1.05 1.50 9.00 .900 6.40 2 . 1 0 2 . 1 0 2.40 3.70 2.25 2.80
ooo
T A B L E  2 8
N I C K E L  C O N C E N T R A T I O N S  ( m g / 1 )  A T  V A R I O U S  S T A T I O N S  A N D  D A T E S
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1967
7/11
7/14
7/18
.440 . 1 0 0 . 2 2 0
. 2 2 0
.440 ND . 2 2 0 . 2 2 0
7/19
7/25
7/27
. 2 2 0
ND
ND
. 2 2 0
. 2 2 0 .440 . 2 2 0
7/29
7/31
8 / 8 ND . 2 2 0 . 2 2 0
. 2 2 0 ND
. 2 2 0 ND
8 / 1 0
8 / 1 2
8/16 2 . 2 0 0
.050
.050 ND .050 ND
9/5
9/6
10/13 . 1 0 0 . 1 0 0
.440
. 2 2 0
.330
.440
1 . 1 0 0
1 . 1 0
. 2 2 0
.660 . 1 0 0
11/9
1 1 / 1 2
11/13 ND ND
. 1 0 0 .150 .130 .130
ND
11/18
11/19
1 1 / 2 0
ND ND
. 1 0 0
. 2 2 0
. 2 2 0
ND ND
12/9
1 2 / 1 0
12/13
ND ND ND
ND
. 660
.005 . 2 2 0
ND ND .005
12/14
12/24
12/31
ND
. 2 2 0
1.800
2.600
Ovo
T A B L E  2 8 — C o n t i n u e d  f o r  N i c k e l
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1968
1/28 ND ND ND ND
1/29
2/13
2/14
ND ND
ND
ND 
. 2  2 0
. 2 2 0 ND
2/16
2/18
2 / 2 0 . 2 2 0 . 2 2 0 .440
. 660
. 1 0 0 . 1 0 0
. 2 2 0 . 2 2 0 ND ND . 1 0 0
3/27
3/29
3/30 . 2 2 0
. 660 
2 . 0 0 0 .440
. 1 0 0 ND ND
4/1
4/2
4/3
ND ND
.540
.440
.440
.440 ND ND . 2 2 0 . 2 2 0 ND
4/4 
4/5 
4 / 6
ND . 2 2 0
.900
.900
.440
ND 1.80 ND
. 1 0 0 ND ND ND ND ND ND ND ND
5/8
5/9
5/10
6.500 . 2 2 0 ND ND . 2 2 0 ND ND ND
ND
ND
ND
ND ND ND
Max. 
Obs . .440 . 2 2 0 .440 6.500 1 . 1 0 1.80 . 660 .440 .440 ND ND ND . 2 2 0 . 2 2 0 . 2 2 0 ND . 2 2 0 ND ND
o
T A B L E  2 9
COPPER CONCENTRATIONS (mg/1) AT VARIOUS STATIONS AND DATES
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1967
7/11
7/14
7/18
. 2 2 0 ND .180
ND
.180 .180 .180 .150
7/19
7/25
7/27
ND
ND
ND
ND
ND .150 .150
7/29
7/31
8 / 8 .400 ND ND
ND .180
ND ND
8 / 1 0
8 / 1 2
8/16 .150
ND
.340 ND ND ND
9/5
9/6
10/13 .250 ND
.180
ND
.500
.180
.180
.180
ND
ND ND
11/9
1 1 / 1 2
11/13 ND
.180 ND ND .180
ND
11/18
11/19
1 1 / 2 0
ND .150
ND
ND
.150
ND ND
12/9
1 2 / 1 0
12/24
12/31
ND ND
ND
ND
.150
.225
ND
.150 ND
ND
ND .450 .180
T A B L E  2 9 — C o n t i n u e d  f o r  C o p p e r
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1968
1/28
1/29
2/13
2/14
ND ND
. 2 0 0
. 2 0 0
.150
.180 ND
ND .150 ND ND
2/16
2/18
2 / 2 0 ND .150 .340
.340
.250 .180
ND ND ND ND ND
3/27
3/29
3/30 . 1 0 0
.400
.400 .150
.150 .150 .225
4/1
4/2
4/3
.400 .340
.500
.400
.400
.340 .230 .340 .340 .400 .340
4/4
4/5
4/6
ND .180
.340
.340
ND
.180 .550 .180
. 1 0 0 .150 ND ND .150 ND .150 ND ND
5/8
5/9
5/10
.400 .250 ND .150 .150 ND .225 .250
.150
ND
.150
.150 .150 .150
Max. 
Obs. .400 . 2 0 0 .500 .500 .250 .550 .180 .340 .340 .230 .450 .225 .340 .340 .400 .150 .340 .150 .150
T A B L E  3 0
Z I N C  C O N C E N T R A T I O N S  ( m g / 1 )  A T  V A R I O U S  S T A T I O N S  A N D  D A T E S
Date
Stream Stations Lake Stations
1 1 1 1 1 1
A
1 1 1
B
1 1 1
C
1 1 1
D
IV V
A
V
B
V
C
VI
A
VI
B
Vil
A
Vil
B
Vil
C
Vlll
A
Vlll
B
Vlll
C
Vlll
D
1967
7/11
7/14
7/18
.500 .700 . 660 
. 1 0 0
.250 .090 .045 .045
7/19
7/25
7/27
.130
. 1 0 0
.075
.258
. 1 0 0 .190 .130
7/29
7/31
8 / 8 .130 . 0 1 0 . 1 0 0
.045 .130
. 1 0 0 .160
8 / 1 0
8 / 1 2
8/16 .130
.045
.074 .130 .045 .250
9/5
9/6
10/13 .190 .160
. 2 2 0
.160
.810
.280
.500
.51
. 1 0
.820 .075
11/9
1 1 / 1 2
11/13 .280 .035
.190 .160 . 2 2 0 .075
.050
11/18
11/19
1 1 / 2 0
.046 .280
.075
.075
.130
.046 .046
12/9
1 2 / 1 0
12/24
. 0 2 2 . 0 2 2
.700
.075
.045
.160
.05 .075
.075
. 0 2 2 .035 .075
12/31 . 1 0 0
T A B L E  3 0 — C o n t i n u e d  f o r  Z i n c
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
G
VIII
A
VIII
B
VIII
C
VIII
D
1968
1/28
1/29
2/13
ND ND
.160
. 0 2 2 .046
.250 .160 . 0 2 2 .046
2/14
2/16
2/18
.190 .160
.280
. 0 2 2 . 2 2 0 . 0 2 2 .034 . 0 2 2
2 / 2 0
3/27
3/29
. 0 2 2 .046 . 2 2 0
. 2 2 0
.550
.05
1.50
. 1 0 0
3/30
4/1
4/2 . 2 2 0
.280
.620
1 . 1 0 0
.280
.315 .350
.350 .450
.250
.280 .280 .350 .420
4/3
4/4
4/5 . 0 2 2 .160
.380
.350
.350 . 1 0 .580 .075
4/6
5/8
5/9
.130
.310 .450
.350
. 2 2 0
.190
.760
.075
.760
.280 .500
.380 .280
. 2 2 0
.250
.280 .350 .280
.250
.320
5/10 .380 .420 .350 .310
M a x .  
Obs. .500 . 700 .810 1 . 1 0 1.50 .580 .820 .760 .760 .450 .500 .280 .280 .280 .350 .380 .420 .350 .310
T A B L E  3 1
S I L V E R  C O N C E N T R A T I O N S  ( m g / l )  A T  V A R I O U S  S T A T I O N S  A N D  D A T E S
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1967
7/11
7/14
7/18
. 0 1 0 . 0 1 0 ND
ND
ND ND ND ND
7/19
7/25
7/27
ND
ND
ND
ND
ND . 0 1 0 ND
7/29
7/31
8 / 8 ND ND ND
ND ND
ND ND
8 / 1 0
8 / 1 2
8/16 .025
ND
ND . 0 1 0 ND . 0 1 0
9/5
9/6
10/13 ND . 0 1 0
. 0 1 0
ND
.025
. 0 1 0
.025
.005
ND
. 0 1 0 ND
11/9
1 1 / 1 2
11/13 ND .005
. 0 1 0 .025 .005 ND
ND
11/18
11/19
1 1 / 2 0
ND .005
ND
. 0 1 0
ND
.005 ND
12/9
1 2 / 1 0
12/24
ND ND
ND
ND
.005
.005
. 0 1 0
.005 .005
ND
ND ND ND
12/31 .025
T A B L E  3 1 — C o n t i n u e d  f o r  S i l v e r
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1968
1/28
1/29
2/13
ND ND
.005
.025 ND
.005 . 0 1 0 ND ND
2/14
2/16
2/18
ND .005
.025
ND . 0 1 0 ND ND ND
2 / 2 0
3/27
3/29
ND ND . 0 1 0
.070
2.150
ND
. 0 1 0
. 0 1 0
3/30
4/1
4/2 ND
. 0 1 0
ND
.075
.015
.005 . 0 1 0
.005 ND
.005
ND ND ND .005
4/3
4/4
4/5 ND .005
. 0 1 0
.025
.017 .005 .042 .005
4 / 6  
5/8 
5/9
.005
.025 .003
ND
.005
ND
ND
ND
.005
.003 ND
ND ND
.003
ND
ND ND ND
ND
ND
5/10 ND ND ND .003
Max. 
Obs. . 0 1 0 . 0 1 0 .025 2.150 . 0 1 0 .042 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 ND .005 ND ND ND . 0 1 0 .1 ) .003
T A B L E  3 2
CADMIUM CONCENTRATIONS (mg/1) AT VARIOUS STATIONS AND DATES
Date
Stream Stations . . . . L îke S :atlo 18
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1967
7/11
7/14
7/18
ND . 0 1 0 ND
ND
ND ND ND ND
7/19
7/25
7/27
ND
ND
ND
. 0 1 0
ND .005 .005
7/29
7/31
8 / 8 ND ND ND
ND ND
ND ND
8 / 1 0
8 / 1 2
8/16 .050
ND
ND ND . 0 1 0 ND
9/5
9/6
10/13 .005 .015
ND
. 0 1 0
.016
.065
.410
.025
.025
.023 .005
11/9
1 1 / 1 2
11/13 ND .005
. 0 1 0 .030 .035 .005
ND
11/18
11/19
1 1 / 2 0
ND .015
ND
. 1 0 0
. 0 1 0
ND ND
12/9
1 2 / 1 0
12/24
ND ND
ND
ND
.150
.300
.030 ND
.005
ND ND ND
12/31 .150
T A B L E  3 2 — C o n t i n u e d  f o r  C a d m i u m
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1968
1/28
1/29
2/13
ND ND
. 0 1 0
.050 . 0 1 0
ND ND ND ND
2/14
2/16
2/18
.005 . 0 1 0
1 . 1 0 0
. 0 1 0 . 0 1 0 ND .005 ND
2 / 2 0
3/27
3/29
.005 . 0 1 0 . 0 1 0
.150
.410
.080
.023
.023
3/30
4/1
4/2 . 0 1 0
. 0 1 0
.023
2.800
.115
.016 . 0 1 0
.023 . 0 1 0
. 0 1 0
. 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0
4/3
4/4
4/5 .005 .005
.150
.380
.900 .025 2 . 0 0 .015
4/6
5/8
5/9
.050
1.300 .500
.013
.013
.013
.005
.013
.030
.013 ND
ND .013
ND
.013
ND ND .005
.005
.005
5/10 .005 .013 .013 .005
Max. 
Obs. . 0 1 0 .015 .023 2.800 .080 2 . 0 0 .035 .013 .030 .013 . 0 1 0 .013 .013 . 0 1 0 . 0 1 0 .005 .013 .013 .005
T A B L E  3 3
C H R O M I U M  C O N C E N T R A T I O N S  ( m g / 1 )  A T  V A R I O U S  S T A T I O N S  A N D  D A T E S
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1967
7/11
7/14
7/18
ND ND ND
ND
ND ND ND ND
7/19
7/25
7/27
ND
ND
ND
ND
ND ND ND
7/29
7/31
8 / 8 ND ND ND
ND ND
ND ND
8 / 1 0
8 / 1 2
8/16 .760
ND
ND ND ND ND
9/5
9/6
10/13 ND ND
.050
ND
.050
.250
3.500
.90
.58
.050 ND
11/9
1 1 / 1 2
11/13 ND ND
ND .350 ND ND
ND
11/18
11/19
1 1 / 2 0
ND .050
ND
3.200
ND
ND ND
12/9
1 2 / 1 0
12/24
ND . 0 2 0
ND
ND
.358
.820
ND ND
ND
ND ND
12/31 .700
vo
T A B L E  3 3 — C o n t i n u e d  f o r  C h r o m i u m
Date
Stream Stations Lake Stations
I II III
A
III
B
III
C
III
D
IV V
A
V
B
V
C
VI
A
VI
B
VII
A
VII
B
VII
C
VIII
A
VIII
B
VIII
C
VIII
D
1968
1/28
1/29
2/13
ND ND
.050
.880 ND
ND ND ND ND
2/14
2/16
2/18
ND ND
.710
ND ND ND ND ND
2 / 2 0
3/27
3/29
.050 ND .050
3.000
3.400
.05
1.80
ND
3/30
4/1
4/2 .050
ND
.050
1.400
1 . 1 0 0
ND .050
ND .050
ND
.050 .050 .050 .050
4/3
4/4
4/5 ND .050
1.900
1.500
1 . 1 0 0 .05 7.20 .050
4/6
5/8
5/9
.980
2.500 1.50
.050
ND
ND
.125
ND
ND
. 0 2 0 . 0 2 0
ND ND
.050
ND
.050 .050 .050
ND
ND
5/10 . 0 2 0 ND ND .050
Max. 
Obs. .050 .050 .050 3.500 1.80 7.20 .050 .125 ND .050 . 0 2 0 ND .050 .050 .050 . 0 2 0 .050 ND .050
ho
o
T A B L E  3 4
RANGE OF TRACE METAL CONCENTRATIONS IN MAINSTREAM WATERS 
OF THE LOWER NORTH CANADIAN RIVER BASIN (mg/1)
Metals
Water Sampling Stations
I II III IV V VI VII VIII
Ag
(Min.) ND ND ND ND ND ND ND ND
(Max.) . 0 1 0 . 0 1 0 .025 . 0 1 0 . 0 1 0 . 0 1 0 .005 . 0 1 0
(Min.) ND ND ND ND ND ND ND NDCd (Max.) . 0 1 0 .015 .023 .035 .013 . 0 1 0 .013 .013
(Min.) ND ND ND ND ND ND ND ND
Cr (Max.) .050 .050 .050 .050 .125 . 0 1 0 .050 .050
(Min.) ND ND ND ND ND ND ND NDCu. (Max.) .400 . 2 0 0 .300 .180 .340 .450 .340 .340
(Min.) ND ND ND ND ND ND ND NDNi (Max.) .440 . 2 2 0 .440 .660 .440 ND . 2 2 0 . 2 2 0
(Min.) ND ND ND .045 . 0 2 2 . 0 2 2 . 0 2 2 .015Zn
(Max.) .500 .700 .810 .820 .760 .500 .280 .420
(Min.) ND .150 .150 .300 .150 ND .150 ND
(Max.) 2.500 1.600 1.950 6.500 1 2 . 0 0 0 9.000 6.400 3.700
M
T A B L E  3 5
R A N G E  O F  T R A C E  M E T A L  C O N C E N T R A T I O N S  I N  T R I B U T A R Y  S T R E A M S
O F  T H E  L O W E R  N O R T H  C A N A D I A N  R I V E R  B A S I N  ( m g / 1 )
Metals Water Sampling StationsIII-B III-C III-D V-B V-C VI-B* VII-B VII-C
Fe (Min.
(Max.
.440
14.000
.150
4.000
.740
3.600
.600
1.050
.740
1.500
1
.900 1 . 0 0 0
2 . 1 0 0
1.500
2 . 1 0 0
Ni (Min.
(Max.
.150
6.500
ND
1 . 1 0 0
. 2 2 0
1.800
ND
.440
ND
ND ND
ND
. 2 2 0
ND
. 2 2 0
Cu
(Min.
(Max.
ND
.500
ND
.250
.250
.550
ND
.340
ND
.230 .225
.150
.340
ND
.400
Zn (Min.(Max.
. 0 2 2
1 . 1 0 0
.050
1.500
.450
.580
.075
.760
.280
.450 .280
.280
.280
.350
.350
Ag
(Min.
(Max.
.005
2.150
ND
. 0 1 0
.003
.042
ND
. 0 1 0
ND
.003 ND
ND
ND
ND
ND
Cd
(Min.
(Max.
.030
2.800
.023
.080
ND
2 . 0 0 0
. 0 1 0
.030
. 0 1 0
.013 .013
ND
. 0 1 0
ND
. 0 1 0
Cr (Min.(Max.
.250
3.500
ND
1.800
1.500
7.200
ND
ND
. 0 2 0
.050 ND
.050
.050
.050
.050
*Values given are based on a single sample taken at this tributary stream location.
ro
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APPENDIX D
TRACE METAL CONTENT OF PLANKTON AND '^TSH
T A B L E  3 6
TRACE METAL CONTENT CE ALGAE AND OTHER SUSPENDED SOLIDS
Microorganisms
Type and Percentage of Relative Abundance Trace Metal Content of
Phytoplankton Total Suspended Solids
Water Blue Zoo (in ug/g of Ash)
Sample Green Flagellated Green plank
Station Number Algae Green Algae Diatoms Algae ton Fe Ni Cu Zn Ag Cd Cr
44 29 7 13 51 1 9,908 57 142 91 2 5 85
51 4 2 17 70 5 2 , 7 8 2 143 123 357 4 ND NDI 52 9 0 1 2 58 2 1 8,953 207 186 538 3 8 31
64 9 0 17 67 7 6,267 108 130 454 3 5 135
50 7 0 60 26 7 376 42 197 155 ND 3 27I I 65 1 2 1 25 54 13 1,374 ND 49 80 2 ND 72
46 2 2 2 1 35 39 453 151 91 203 2 6 49
III-A 58 0 8 28 46 16 1 , 0 2 0 227 453 204 ND 3 113
6 6 7 0 2 0 41 32 1,328 166 161 277 3 3 1 0 0
42 33 0 0 33 33 29,968 3,371 562 450 50 2,360 3,820
47 0 0 0 0 1 0 0 3,504 1 , 0 0 1 401 284 2 0 40 1,168I I I —B 57 0 0 0 0 1 0 0 4,837 1,191 298 397 15 248 6 , 2 0 1
63 0 0 0 0 0 4,207 2,980 1,017 2,805 2 1 526 631
III-C 67 0 3 2 1 24 51 1,258 2 1 0 180 1,089 6 59 2 1 0
T A B L E  3 6 — C o n t i n u e d
Station
Water
Sample
Number
Microorganisms
Trace Metal Content of 
Total Suspended Solids 
(in Ug/g of Ash)
Type and Percentage of Relative Abundance
Phytoplankton
Zoo
plank
ton
Blue
Green
Algae
Flagellated 
Green Algae Diatoms
Green
Algae Fe Ni Cu Zn Ag Cd Cr
41 1 0 3 2 0 1 0 57 2,502 616 411 449 8 24 160
49 3 0 9 6 6 24 421 2 1 1 126 84 ND 13 46IV 59 0 15 24 45 18 1,644 146 161 8 8 2 6 132
6 8 5 0 37 42 16 1,638 243 176 364 4 7 61
43 2 0 5 5 59 1 8,518 1 0 2 85 256 2 4 1 0 2
V 48 1 1 0 40 37 1 0 1,798 153 42 382 ND 8 ND
60 1 1 4 19 43 2 1 2,306 140 105 161 m 6 45
54 1 1 53 39 7 1,353 150 41 26 ND 6 ND
VI 61 2 1 63 19 17 3,000 70 60 188 ND 7 45
VII 55 0 1 59 40 4 4,630 89 107 178 ND 5 58
56 0 1 23 72 1 2 10,080 6 6 114 8 8 8 ND 166
VIII 62-1 3 0 47 51 2 4,896 ND 73 265 4 7 ND
62-2 1 0 51 48 3 4,777 ND 71 452 4 13 ND
roLn
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TABLE 37
TRACE METAL CONCENTRATIONS IN FISH FROM LAKE EUFAULA
Fish
u
■H
s
(g)
M
ÜWi-I
(cm) G i l l s
Skin: 
With or 
Without 
Scales Muscle
G .I .  T ract  
and 
Contents L iver
CADMIUM (in  pg/g of  Ash)
Gizzard
Shad (dead) 48 19 .537 3.43 2.65 1 0 . 1 -
Freshwater 
Drum (dead) 79 2 0 .408 1 . 1 1 1.46 33.1 14.8
C a t f i s h ,  Channel 560 41 .283 1.97 .893 3.68 1.63
Crappie , White 73 18 .694 .488 1.31 5.54 7.08
Carp 478 32 .631 .542 1 . 1 2 7.52 1 2 . 1
SILVER ( in  ug/g  o f  Ash)
Gizzard
Shad (dead) 48 19 .413 1.29 ND ND -
Freshwater 
Drum (dead) 79 2 0 .314 .816 .275 .331 ND
C a tf i s h ,  Channel 560 41 .177 1.48 .282 .289 .388
Crappie , White 73 18 .219 .360 .691 .693 5.31
Carp 478 32 . 2 1 0 .226 .651 .191 .525
NICKEL ( in  Mg/mg o f  Ash)
Gizzard
Shad (dead) 48 19 .04 .13 .07 . 2 2 -
Freshwater 
Drum (dead) 79 2 0 . 0 2 .06 .05 . 0 2 . 1 1
C a tf i s h ,  Channel 560 41 . 0 1 .05 .02 . 0 2 . 0 2
C rappie , White 73 18 . 0 2 . 0 1 .03 .05 .04
Carp 478 32 . 0 2 . 0 1 .03 .04 . 0 2
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TABLE 37—Continued
Fish
4 J
•a
• H
(g)
x:
4 J
c
01
( J
(cm) G i l l s
Skin; 
With or 
Without 
Scales Muscle
G .I .  T ract  
and 
Contents Liver
ZINC (in  pg/mg of Ash)
Gizzard
Shad (dead) 48 19 .045 .352 .318 3.13 -
Freshwater 
Drum (dead) 79 2 0 .007 .030 .168 2 . 2 1 1.25
C a t f i s h ,  Channel 560 41 .004 1.28 .165 .589 1.13
Crappie , White 73 18 .015 .008 .187 .623 .726
Carp 478 32 .921 .047 .242 1 0 . 0 0 0 9.84
COPPER ( in  ug/mg o f  Ash)
Gizzard
Shad (dead) 48 19 .009 .052 .060 .165
Freshwater 
Drum (dead) 79 2 0 .005 . 0 1 1 .033 .049 .205
C a t f i s h ,  Channel 560 41 .003 .054 .019 .052 .097
Crappie , White 73 18 .008 .005 .015 .074 .195
Carp 478 32 .008 .005 . 0 2 0 . 2 0 2 .635
CHROMIUM (in yg/mg of Ash)
Gizzard
Shad (dead) 48 19 . 0 1 0 .043 . 0 1 1 .007
Freshw ater 
Drum (dead) 79 2 0 .004 . 0 1 1 . 0 1 2 ND .034
Catfish-,. Channel 560 41 . 0 0 2 ND .006 .006 .007
Crappie, White 73 18 .007 .003 . 0 1 0 ND ND
Carp 478 32 .005 .004 .007 .005 .004
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TABLE 38
METAL CONCENTRATION FACTORS OF ALGAE AND OTHER SUSPENDED 
SOLIDS AT VARIOUS SAMPLING STATIONS
S ta t io n
Sample
Number Fe Ni Cu Zn Ag Cd Cr
44 374 * A A A 2 0 2,104
T 51 * 126 90 A A A A
52 129 123 107 614 A 73 A
54 1,647 130 2 0 0 AA A 1 0 0 814
T T 50 A 125 14,400 AA A 75 A
65 608 * 136 7,800 A A 1 , 1 2 1
46 * 148 A 55 A A 255
III -A 58 57 474 AA 678 A 91 3,065
6 6 875 3,590 3,158 8,375 133 1 0 0 40,666
42 65 203 17 A A 73 A
47 * 158 237 A A A AI I I -B 57 630 153 182 146 A A A
63 55 47 169 AA 2 0 A A
III -C 67 * A AA A A A
41 * * 60 A A A A
49 * 2 2 0 547 A A A 275
IV 59 28 A 56 A A A 2,448
6 8 215 134 2,131 149,000 42 650 757
43 525 82 170 486 41 55 470
V 48 141 61 A 880 A 1 1 0 A
60 7,571 1,400 653 AA A 500 460
54 175 467 1 1 A A 2 2 AVI 61 12,333 178 A AA A 500 315
VII 55 333 113 168 508 A 73 A
56 187 A 51 29 73 A 325
VIII 62-1 1,142 A A AA A 133 A
62-2 194 A 1 2 807 A 400 240
*No c o n c en tra t io n  observed.
**Very high co n c en tra t io n  observed bu t in te r f e r e n c e  p ro h ib i te d  
c a lc u la t io n  o f  co n cen tra t io n  f a c to r .
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TABLE 39
CONCENTRATION FACTORS FOR METALS IN LAKE EUFAULA FISH
Lake w ater  
S ta t io n  VIII-B 
4/1 to 4 /6 /68  
( in  mg/1 ) G il l Skin Muscle
G .I .  T ract 
and 
Contents L iver
Ni (ND = .05) 53
C
104
F. GIZZARD SHAD 4 /6 /68  
16 50
Cu = .125 5 17 5 15 -
Zn = .250 1 2 56 14 143 -
Ag = .005 6 1 * * -
Cd = .005 7 27 6 23 -
Cr = .05 13 34 2 2 15 -
Ni (ND = .05) 27
C
1 2
F. FRESHWATER DRUM 4/6 /68  
12 4 24
Cu = .125 3 1 3 4 18
Zn = .250 2 1 8 95 56
Ag = .005 4 2 0 . 6 0.7 *
Cd = .005 5 2 3 72 33
Cr = .05 5 2 3 * 8
Ni (ND = .05) 1 0
C
8
F. CHANNEL
5
CATFISH 4/6 /68  
4 5
Cu = .125 1 4 2 4 1 0
Zn = .250 1 41 8 2 2 59
Ag = .005 2 2 0 . 6 0.5 1
Cd = .005 3 3 2 7 4
Cr = .05 2 * 2 1 1 2
*= No apparent change.
_ mg of metal per kg o f  f re sh  t i s s u e  
mg of metal per l i t e r  of lake  water
1 3 0
TABLE 39—Continued
Lake water 
S ta t io n  VIII-B 
5/8 to  5/10/68 
( in  mg/1 ) G il l Skin Muscle
G .I .  T ract  
and 
Contents Liver
C.F. CARP 5/9/68
Ni (ND = 05) 16 2 8 1 0 6
Cu = . 1 0 0 3 0.5 3 25 96
Zn = .300 123 1 1 1 410 490
Ag (ND = 0 1 0 ) 0 . 8 0 . 2 1 0 . 2 0 . 8
Cd = .005 5 1 3 19 36
Cr (ND = 050) 4 0.7 2 1 1
C.F. WHITE CRAPPIE 5/9 /68
Ni (ND = 05) 32 4 8 18 17
Cu = . 1 0 0 6 1 2 13 41
Zn = .300 4 0.5 9 37 51
Ag (ND = 0 1 0 ) 2 0.7 1 1 1 1
Cd = .005 1 1 2 4 2 0 30
Cr (ND = 050) 1 0 1 3 * *
*= No apparent change.
Qp- _ mg o f  metal per kg o f  f re sh  t i s s u e  
mg of metal per  l i t e r  o f  lake  water
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APPENDIX E
TRACE METAL CONTENT OF LAKE EUFAULA BOTTOM SEDIMENTS
T A B L E  4 0
IRON CONCENTRATIONS IN BOTTOM SEDIMENTS OF LAKE EUFAULA
CORE SAMPLE
Location
185
VIII-A
187
VIII-A
188
VIII-A
80
VIII-B
99
VIII-B
189
VIII-C
191
VIII-D
Date (1968) 5/10 5/10 5/10 1/28 2/18 5/10 5/10
Bottom Depth (ft) 3.5 4.5 1 0 17 18 17 24
Core Water (mg/1) 2.500 3.300 .440 5.400 3.000 .740 .600
Interface 
(ug/mg of Ash) .4699 5.3820 .0640 15.5120 .1150 .0798 .0798
Sediment
(ng/mg of Ash) .0196 .0465 .0810 .0750 .0330 .0284 .0142
(Successive 2-cm 
core portions)
.0517
.0176
.2898
.2070
.2436
.2184
.2376
.1617
.0306
.0594
.0192
.0242
.3306
.1440
.0992
. 0 2 0 0
.0283
.0230
.0193
.0371
.0588
Maximum Concentra­
tion in survey 
(pg/mg of Ash) .4699 5 . 3 8 2 0 .0810 15.5120 .1150 .0798 .0798
w
N3
T A B L E  4 1
N I C K E L  C O N C E N T R A T I O N S  I N  B O T T O M  S E D I M E N T S  O F  L A K E  E U F A U L A
CORE SAMPLE
185 187 188 80 99 189 191
Location VIII-A VIII-A VIII-A VIII-B VIII-B VIII-C VIII-D
Date (1968) 5/10 5/10 5/10 1/28 2/18 5/10 5/10
Bottom Depth (ft) 3.5 4.5 1 0 17 18 17 24
Core Water (mg/1) . 1 0 0 . 1 0 0 . 1 0 0 ND ND . 2 0 0 . 1 0 0
Interface
(ug/mg of Ash) .0127 .0224 .0089 .0365 . 0 2 1 2 . 0 1 1 1 .0071
Sediment
(ug/mg of Ash) .0080 .0139 .0073 .0098 .0089 .0049 .0036
(Successive 2-cm .0079 .0131 .0046 .0107 .0082 .0046 .0029
core portions) .0028 .0127 .0036 .0096 .0088
.0116 .0056 .0099 .0085
.0123 .0078
.0084 .0053
.0086
.0037
Maximum Concentra­
tion in survey
(ug/mg of Ash) .0127 .0224 .0089 .0365 . 0 2 1 2 . 0 1 1 1 .0071
LO
CO
T A B L E  4 2
COPPER CONCENTRATIONS IN BOTTOM SEDIMENTS OF LAKE EUFAULA
CORE SAMPLE
185 187 188 80 99 189 191
Location VIII-A VIII-A VIII-A VIII-B VIII-B VIII-C VIII-D
Date (1968) 5/10 5/10 5/10 1/28 2/18 5/10 5/10
Bottom Depth (ft) 3.5 4.5 1 0 17 18 17 24
Core Water (mg/1) ND ND .025 ND .025 .025 ND
Interface
(ug/mg of Ash) .0040 .0075 .0024 .0099 .0037 .0027 .0018
Sediment
(ug/mg of Ash) .0009 .0017 .0009 .0017 .0008 .0006 .0005
(Successive 2-cm .0008 .0015 .0006 .0013 .0007 .0004 .0004
core portions)
. 0 0 0 2 . 0 0 1 2 .0006 .0007 .0007
. 0 0 1 0 . 0 0 1 2 . 0 0 1 1 .0006
. 0 0 1 0 .0005
.0008 . 0 0 1 2
.0009
Maximum Concentra­
. 0 0 0 2
tion in survey
(ug/mg of Ash) .0040 .0075 .0024 .0099 .0037 .0027 .0018
LO
T A B L E  4 3
ZINC CONCENTRATIONS IN BOTTOM SEDIMENTS OF LAKE EUFAULA
CORE SAMPLE
Location
185
VIII-A
187
VIII-A
188
VIII-A
80
VIII-B
99
VIIl-B
189
VIII-C
191
VIII-D
Date (1968) 5/10 5/10 5/10 1/28 2/18 5/10 5/10
Bottom Depth (ft) 3.5 4.5 1 0 17 18 17 24
Core Water (mg/1) . 0 2 0 .050 . 0 2 0 .160 . 066 . 0 1 0 . 0 1 0
Interface 
(pg/mg of Ash) .0203 .0418 .0359 .1108 .0500 .0302 .0436
Sediment
(ug/mg of Ash) .0170 .0259 .0270 .0316 .0244 .0288 .0172
(Successive 2-cm .0189 .0290 .0351 .0336 .0240 .0088 .0105
core portions)
.0073 .0290
.0255
.0257
.0118
.0255
.0069
.0179
.0298
.0310
.0248
.0250
.0185
.0085
Maximum Concentra­ .0054
tion In survey 
(ug/mg of Ash) .0203 .0418 .0359 .1108 .0500 .0302 .0436
w
Ln
T A B L E  4 4
SILVER CONCENTRATIONS IN BOTTOM SEDIMENTS OF LAKE EUFAULA
CORE SAMPLE
185 187 188 80 99 189 191
Location VIII-A VIII-A VIII-A VIII-B VIII-B VIII-C VIII-D
Date (1968) 5/10 5/10 5/10 1/28 2/18 5/10 5/10
Bottom Depth (ft) 3.5 4.5 1 0 17 18 17 24
Core Water (mg/1) ND ND ND .003 .0015 ND .003
Interface
(pg/g of Ash) ND .0897 .0291 .1662 .0750 .0363 .0504
Sediment
(pg/g of Ash) ND ND .0324 .0237 ND .0216 ND
(Successive 2-cm ND .0104 .0162 ND .0134 .0095 .0119
core portions) .0072 .0207 .0090 .0144 .0265
.0174 .0059 ND .0150
.0168 .0252
.0264 .0159
.014 7
Maximum Concentra­ .0051
tion in survey
(pg/g of Ash) .0072 .0897 .0324 .1662 .0750 .0363 .0504
wo\
TABLE 45
CADMIUM CONCENTRATIONS IN BOTTOM SEDIMENTS OF LAKE EUFAULA
CORE SAMPLE
1 8 5 187 188 80 99 189 191
Location VIII-A VIII-A VIII-A VIII-B VIII-B VIII-C VIII-D
Date (1968) 5/10 5/10 5/10 1/28 2/18 5/10 5/10
Bottom Depth (ft) 3.5 4.5 1 0 17 18 17 24
Core Water (mg/1) ND .008 ND .008 .008 . 0 1 0 ND
Interface
(u k /e of Ash) .1524 .3588 .1164 .2270 .3000 . 1 2 1 0 .0840
Sediment
(ug/g of Ash) .1590 .1152 .0648 .0948 .0792 .0468 .0429
(Successive 2-cm .1800 .2070 .0540 .1160 .1068 .0525 .0680
core portions) .0640 .1380 .0600 .2400 .0708
.1160 .0975 .1240 .0600
.1680 .1680
.1320 .0265
.1960
Maximum Concentra­ .0680
tion in survey
(ug/g of Ash) .1800 .3588 .1164 .2770 .3000 . 1 2 1 0 .0840
T A B L E  4 6
CHROMIUM CONCENTRATIONS IN BOTTOM SEDIMENTS OF LAKE EUFAULA
CORE SAMPLE
Location
185
VIII-A
187
VIII-A
188
VIII-A
80
VIII-B
99
VIII-B
189
VIII-C
191
VIII-D
Date (1968) 5/10 5/10 5/10 1/28 2/18 5/10 5/10
Bottom Depth (ft) 3.5 4.5 1 0 17 18 17 24
Core Water (mg/1) ND ND ND ND ND ND ND
Interface 
(ug/mg of Ash) .00292 .00448 .00097 .01550 .00375 .00182 .00126
Sediment
(ug/mg of Ash) .00199 .00173 .00035 .00098 .00060 .00036 .00050
(Successive 2-cm 
core portions) .00067 .00104 .00027 .00073 .00205 .00026 . 0 0 0 1 1
.00048 .00069
.00073
.00068
.00145
.00049
.00084
.00098
.00158
.00143
.00088
. 0 0 1 0 0
.00105
.00132
Maximum Concentra­
tion in survey 
(ug/mg of Ash) .00292
.00048
.00448 .00098 .01550 .00375 .00182 .00126
U)
00
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APPENDIX F
SPECTROGRAPHIC ANALYSES FOR LOWER 
NORTH CANADIAN RIVER WATERS
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TABLE 47
SPECTROGRAPHIC ANALYSES FOR WATERS OF THE LOWER NORTH 
CANADIAN RIVER (IN ug/1)
Mainstream
S ta t io n
Location
I I I I I I IV
Sample
Number
44 52 133 45 53 40 85 129 41 1 0 1
Element*
A1 6,400 2,500 9,750 1,900 1,240 10,700 2,125 3,725 2,500 520
B 430 450 800 375 390 900 650 1,300 1 , 0 0 0 850
Ba 360 430 270 625 430 510 390 350 290 350
Cr 140 260 205 290 400 500 470 390 370 325
Cu 1 2 0 <67 <67 <67 <67 730 130 150 <67 1 0 0
Fe 9,900 7,600 8 , 0 0 0 2 , 2 0 0 4,070 6,275 4,300 2,525 6,500 2,325
Mn 310 270 600 390 670 800 440 690 1,560 475
Ni <130 <130 <130 <130 <130 550 150 <130 350 150
P <670 <670 <670 <670 <670 2,150 3,900 4,000 3,900 6,925
Sr 590 790 480 >6,600 5,600 >6,600 4,100 4,125 3,100 1,725
Zn 640 150 650 505 640 1,730 425 1,400 2,500 260
*The following m etals were included in  the analyses  and t h e i r  
lower l im i t s  of d e te c t io n  a re  as in d ic a te d :  Ag 13; Be 1 .33; Cd 130;
Co 130; Mo 270; Pb 270; V 270.
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TABLE 47—Continued
Mainstream
V VI VII VIII
B B B D
156 48 117 61 163 124 62-1
Surface
126
Bottom
179
Surface
192
Bottom
3,725 1,800 17,000 2 , 0 0 0 27,000 40,000 1 , 2 0 0 27,000 1,070 2 2 , 0 0 0
2,225 670 1 , 1 0 0 530 1,400 2,130 180 1,400 500 1,400
415 410 490 270 460 285 170 330 90 390
495 2 1 0 390 270 360 160 195 2 2 0 1 1 2 145
140 180 90 360 96 <67 <67 <67 <67 <67
1,800 2,225 1 2 , 0 0 0 2,190 >14,000 >14,000 2,025 >14,000 1,500 >14,000
570 175 1 , 0 0 0 1 2 0 720 750 140 575 97 870
2 0 0 (130 <130 <130 170 <130 <130 <130 <130 <130
6,525 5,100 <670 4,300 <670 <670 <670 <670 <670 <670
3,675 2,400 2 , 2 0 0 2 , 0 0 0 1,125 <27 590 136 <27 44
2,075 250 1 , 0 0 0 170 950 670 <130 900 300 1 , 2 0 0
Lake
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TABLE 48
RANGES IN THE CONCENTRATION (y g / l )  OF TRACE ELEMENTS IN THE 
LOWER NORTH CANADIAN RIVER BASIN COMPARED TO THE 
MAJOR RIVER BASINS OF NORTH AMERICA
River Basin
Trace E .eraent
Ag A1 B Ba Be Co Cr
North Canadian R. 
Okla.
<13 520
40,000
180*
2,225
90*
625
<1.33 <130 1 1 2 *
500
A palachico la  R. 
F la .
73
2,550
A tchafa laya  R. 
La.
0
0 . 2
Susquehanna R. 
Md.
M is s is s ip p i  R. 
L a .
0
6
3
84
Hudson R. 
New York
Mackenzie R.
N.W. T e r r . ,  Can.
Colorado R. 
A riz .
0
1
34
52 135
Sacramento R. 
C a l i f .
S t .  Lawrence R. 
Can.
Max. Concen tra tion  
R atio :
NCR/Other River — — 16x 43x 5x —  — — — 6 x
*Observed in  Lake Eufaula su r fa c e  w ater.
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TABLE 48—Continued
Trace Element
Cu Fe &Ù1 Mo Ni P Pb Sr V Zn
^67
730
1,500*
>14,000
97*
1,560
<270 <130
550
<670
6,925
<270 <27
>6,600
<270 <130*
2,500
4
105
663
1,670
1 2
185
1
3
6
71
0
259
700
800
7
80
3
55
0
140
7x >8 x 8 x —  — 8 x 27x —  — >8 x —  — 18x
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APPENDIX G
PHYTO- AND ZOOPLANKTON IN LOWER 
NORTH CANADIAN RIVER WATERS
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TABLE 49
TRACE METAL CONCENTRATING ORGANISMS IN THE FISH FOOD CHAIN
S ta t io n  Location I I I I I I - -A
Sample Number 44 51 52 64 45 50 53 65 46 58 6 6
Number o f  Organisms 
per  ml ( in  lOOO's) 1 2 1 . 8 2 . 1 2.3 3.0 1.3 1 . 2 2 . 1 .5 1 . 0 2.5
PHYTOPLANKTON (percentage 
o f  sam ple ) :
Blue Green Algae 
Anacystis  
A r th ro sp ira
15 3 6 9
1
7 1 2 2 7
O s c i l l a to r i a
S p iru l in a
9
5
1 3 1
1
2
F la g e l la t e d  Green Algae 
Chlamydomonas 
Euglena
1
2
2
1 2
6
2
L epoc inc l is
Phacotus
Stephanoptera
5
1
1
Diatoms 13 17 1 2 17 1 0 60 40 25 2 1 28 2 0
Green Algae
Actidesmium
Actinastrum
Ankistrodesmus
C h lo re l la
5
8
2
40
6
2 1
29
2 2
3
1
3
9
13
7
13
14 1 0
8
24
1 1
17
Chlorococcum
Chodatella
2
C lo s te r io p s i s
Closterium 5 3 1 2
Coelastrum
Coronastrum
2
Crucigenia
Desmidium
Dimorphococcus
E la k o to th r ix
5
2
France ia
Golenkinia
K i r c h n e r ie l la
5
4
1
1 6 2 5
Oocystis
Ourococcus 5
24 14 1 2 1 1 1 1 13 19 6 4
2
Pediastrum
Scenedesmus
Selenastrum
5
5
2
2
1
3
15
1
2
1 0
5
2
6 2
2 2
2
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TA.BLE 49—Continued
III -B I I I -C IV V VI VII VIII-B
42 47 57 63 67 41 49 59 68 43 48 60 54 61 55 56 62-1 62-2
.06 .02 .56 ND . 66 1 .0 .3 .7 1 .8 16 .7 1 .4 4.1 3.0 10.4 2 .6 16.2 15.4
33 33
33
5 3 4 5
5
10 11 1 2 3 1
3
5
3
3
12
1 3
7
1
1
4
1 1 1
21 20 9 24 37
4
5 40 19 53 63 59
1
23 47 51
5
5 1 1 1
33 24 10
14
14
15
9
7
21
2
10
4
23
9
21
3
13
2
4
2
30
6
35
4
35
3
38
1
2 1
3 5
1
2 1 1 1
3 2
1
1
5 3
6
5
1
3
1
1
1 1
29 12
3
7
5
4
1
7 5 7
3
2 7 6
1
3
6 3 10
5 1
1 3
2
1 1
1
12
3
1
1 2
1 4 7
TABLE 49—Continued
S ta t io n  Location I I I I I I -A
Sample Number 44 51 52 64 45 50 53 65 46 58 66
Number o f  Organisms 
per ml ( in  lOOO’ s) 12 1 .8 2.1 2.3 3.0 1 .3 1.2 2.1 .5 1 .0 2.5
Green Algae (Continued) 
Sphaerocystis  
Tetraedon 
Tetrastrum
ZOOPLANKTON:
1
10
1
4
5
Amoeba
Paramecium
R o t i fe r
Round Worm
S p i ra l  B a c te r ia
Testaceous rhizopoda
Z o o c i l ia te s
Z o o f la g e l la te s
2 1 3 4
12
3
2
2
1 3 21
2
5
1
60 5 15 10
15
8 16 29
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TABLE 49—Continued
I II -B III-C IV V VI VII VIII-B
42 47 57 63 67 41 49 59 68 43 48 60 54 61 55 56 62-1 62-2
.06 .02 .56 ND . 66 1 .0 .3 .7 1 .8 16 .7 1.4 4.1 3 .0 10.4 2.6 16.2 15.4
9 3 5
5
3 3 6 3
1
1 2
2 1
1
6
1
33 33
2
50
3
9 LB 13 9 20
1
6
5
11
1
3 12 1
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APPENDIX H 
WEIGHT RATIOS FOR FISH TISSUES
T A B L E  5 0
WET, DRY AND ASH WEIGHT RATIOS FOR FISH TISSUES
Fish Species
Total
Weight
(g)
Length
(cm)
Gill
Skin (and 
Scales) Muscle
GI Tract and 
Contents Liver
Wet Dry Ash Wet Dry Ash Wet Dry Ash Wet Dry Ash Wet Dry Ash
Gizzard Shad
Dorosoma cepedianum
48 19 15 : 3 : 1 25 : 5 : 1 8 8  : 13 : 1 8 8  : 13 : 1 — — —
Freshwater Drum
Aplodinotus grunniens
79 2 0 15 : 3 : 1 97 : 29 : 1 8 6  : 13 : 1 92 : 14 : 1 9 0 : 1 6 :  1
Channel Catfish
Ictalurus punctatus
561 41 2 1  : 6 : 1 125 : 44 : 1 87 : 18 : 1 106 : 24 : 1 76 : 16 : 1
White Crappie
Pomoxis annularis
73 18 13 : 3 : 1 49 : 24 : 1 71: 14 : 1 56 : 11 : 1 48 : 11 : 1
Carp
Cyprinus carpio
478 32 26 : 5 : 1 110 : 43 : 1 73 : 15 : 1 81 : 19 : 1 6 6 : 1 6 :  1
U i
o
